
-cvirTio ll ii ijnl llq -c^'i nil p ilnlll rinlnllfi TqII 



4j f<itj Aj^LjlI! Jl&L*JJ A_ 4 MfT^Jl &Ju!fe ^j^jjJu ^4X1 c-ujJullj ^Juall ^a L tTd J <Laut]| 4, <.»,,< «J^ I iJLjjjJa 



uLijjSWI 



( ^ ) oLujp^aJj cLijj 







(j'i g U C-ojJlIIIj (jjJ-iJ! rt _iLClII <LoL*J! 4 1 u 1 nj^JJ 4_Lij_<ijta ,jjjJL>J! *-J-«-»- 



»MYo 2LJ«f 



<3e-u«J 







A*Jum 



^1^. 6J±[2l\ 4-JjjJll 4-tlUjJI J Nlj^-itl ^J^Qj (_/<gU Cj-tJjJuJIj (^^lill ^.-iLftlllJ 4-aL*JI 4-LrjLt-ujJLl ^^JU-UJ 



OL^j^jIdJ 4j?t-pj aLCJ-AVI IJlA ^jLjj <J^jlJI J}j-l* ^— Sj^jHtl 4-ti^Jllj 4-iLaJlj 4-jISjJI lJijLIojJi <jJt-<I/ 
^jjju J r *aj t :^j-^JjJI aJlSjJI 5JL?c-C. *_3_i ^_ LcJij3 jlj^mjVl J-^l (j-^ ^jLcjVIj *JL*JLj tcJL-oXI 4_)Lui 3jj9 cr^-J 

4-4Jl2H1I 4-JjjJI c_JjL?tI(Jl *_4 J) dJJ 4-xjL>ijJ 3j_Lai». *LJkuJu j^ij-LaJj rtj<; r^jJ 4-4UlJ| 3j!_iVI Q-La^> J^J 
3j^^djJI (Ji^ l£JlM 4-tlUjJI 4_il^.U j^jLjlII ^Ijlc} pjj^iuc ^_ 3j_UJkJ| 0Jl& Ceiled Ju9j 4 4j1 JLtalLa (^^-jJb-J 

(^jJI ^JUjlJI *-^IjJI *_a 4-l<JaJI ajjjJI (3^(j^ cl^>o (^i^-tl <--<jjjuJlj (^-^aJI ^-JLjuJJ 4-4LJI 4-Lrjn-ujJLtj J-aaJI 

ji^sl ^ojjJu t^L^u 4JLcl^3lLc BjJ^JLj AjL^JjI ^_ (jLseJu! ^JlA ^-j^itlLJ ij-^ju! (JJ-*-" oLJLLalLc 4-L^j^dj 

Jl&ul^Jj OLxJj^IL^aJ! ^-ux£ ^-JjJuJL (^) Cj LxJj^IL^aJ} i-<ijj 4-ijjjJuJ! 4-a-lSj>J1 ^JlA (JjLujj 

•Q^ c^Jelll I JuJ 4_4j^LJI CjIjL^JLI C-jL-uH^dI A-lLx^d JjLuj i^p* CjLcj-l^j.^ 4-^.LLl^JI 4j^tl 

j^C 4JUI ^y3 J-^G 4-ijjjJuJI 4 jj^-»J| 0Jl& <^1jJu (^-J ^ tiaj (^r&J ^-ALlII j^j-LaJj ^jq f^lt 4-^LjlJI BjI^VIj 

C jLL^Jtlul ^y3 J^*^J ( u J fl MJ^"*-"^ 4 5-^J^Ul ijJJjuUaJ! CjIjL^JLI (J-4-L^G ^_ j.-tI/Lb<a J^^— ' (OiJ p j < UJ ^Jl (J^J 



^l-ALuLI jJi^-Lajj p j <; t^ajJ 4-4Uu! Sj! jV! 



,1 4 A A 4 

j^^xla LjJu_<-u ^_a^M (^LJI j-ujlJI *JL*-a ^^e. ^L-aJlj S^Lu^Jlj (^JLLaJI c_jj 4JD jl^j>JI 

. Jljuj (^jla^i 4-l?c-l^j 4Jt^i^.j 

4_<ijjJI ^JUjlJI c-j! T^-ilt I jLjfc (^UjJlJLI Luljiwjj ^ujJljJLI L^jLljV aJlJlj <j) LjJut-ctiJ 
CjIjL^JLI (J^jjJlJUI c-j! tn^-i\ 4- ^^-1— ujlj <j? edit ^j—A J-^>J (^J^-Jlj ( \ ) ^L-U^^nJVI 

. 4-)jJLLa-tl ^-JLLu! (jjrt**- n 4-u-uLdU oL-uLl2j! 
- : ifSVI A-x^.j-t^jJLl e-bljufc^M (3-L^tlij 
C-c-^zdj^J J l£1 ^ 4_4j^UI 4Jjjj^_UaJI 4_J_J_^ j SjL^JLl C-JjjL-ltl uLlo^I ~ ^ 

L^j 3 Jl>wjj| (J-oAj 4_ 4^jLluTlU 4»JL^ju! j^jIjJu! *_a^j>iJ &i Cj\ Jl^jJI (J\j LLajljJj 



£.|j^>*j ^-^ ^— ^j^jlXI c-jjJl-UJL! tt-TLu-ujij ^j| SLcljwC * a Sj^jI Jlj! (J or ^_ j— l^LLju! 

4_JU-jlJ1 lLdI SJul ^-ALj c-JjJljJu j^sJu ^j^^l * ^i^. ^^^J u^ 3 (J-^-^ O' ~ ^ 

£_ 4Jj^_caJ ^jL_lilJ(J L-JjjL-IL<UJ ^j— ^3uCJ ^ 1 <iT J^—LiialLl 3 Jl^>wJj! ^ gjjj ^jl ~~ 

i-JU-C 3 JlJ>*J (J-^ 3 ^^^J %T C 1 ^ 4 ^ <JlLuA^ 5JjJL>JLl CjI £jj W*<tl ^j^^jlJ £)) ~ *\ 



JILc . L^Iu_ulj_i C-JJu,ClqJJ (j-n-o /JlJ! 4jxuLui 21 4-jj AsIL^aJ if I ^a^Luul p kut * ■ Laiu 

.^LpJ! SCRjji^j^liJI 

(Jjl JLJS. ^JLc (^jJL>iJ i-Lj-uLa/l 4-JL^Ij.^J Jj^-SJLl I JL-A 1 JL_U £)) L. r— <-U Lill £)_4 4_n CjJljvjj 

JJ-JZJJ CjLuj^I^j tVI (Jbe-4 ^_ a| Justlu-uVI ijuLiJI 4-u_uL_u2l CjLp^aJI JJ-^JJ CjIjl^^j 



c-J^JL<-uLj A g ka 1 1 . ' j 3 giaJij j*-< C 3jJl_2J! j^Ll^JL CjI o-Lilaj (^^-i^. (^j-H^o SjuIjJI SjL^jJIj 
3jLt!u} j t ^-i 4 (JjVt . j^-j_^3uJI J-Slj-i (J-^ (J* fi\~t"*A (^-CjJ (^^ic (^jIL>iJ 4_c4jugL>J| 3JL>*jJ|j 

. AluILcj 4jujwCj 4»o_^ 4^*J-^ ^4H3-^ ^LjJuJl^ (^^i^. (^£jIL>iJ ixdt/jL-aJl 3 jL^jJIj 

*_L$J>* ^_ <J_uiLul J-J>w|j^3 (^— ^ < ^ tfa^3Ljlj (JjjLJuJij CjUjL-jjLtl J^-Jlj-i (jL_3 rt-JJU I ^ ^=3 J 

-i-i^ILc jLpJ (J-^y (J-^*- ^- (^-^a^tlU! (^j 4-l$JjI 3^Lis| 3 Jui ^_ i^lxj . <Uu-uLul 3 Jl^jjIj 
(J^j ka > Ji-i^J f I k>^ 1 C<_i£.lj Jl-2Jj . c£!uJlJ|j dJLjpJI £)_4 <J-^3 a I Ju3tIL<-u V J) j j LaJ (_^-^J 

. a!uJl>JI 3j^>*^M lUj^t i^j>UI 

(jlj c-jl T^-iJl I Jl-A CjL-J^Ibe-4 £)_4 ^j^jjjL-ltl L-jjLbl Jll^IL-cuJ ^j) 4JUI Jl <-oJ aLjJkJI ^_j 




4-pJJL. 



^ 






cvin^ lhii)Tillq cvinll pilnill nnlnllniiiiiir| D ll 

jALUt jJjIaJj fcuyal) 3UU1I SjbV 




2, 



( ^ ) *ujj£i! Afi>i 



4_u_uL_ol 4j*jv! 



^Ij^ 







t^^ IjjlS c-jjjQJLl oj^nj Sjl^jJI ojl& ^ ^.L^uVI juu - : JilJ^iM 







- : A*JLM 

c-xJl^aj jl )j-Sj ji CJ Justly <jl Jlj^j ^a J-^s L^j^u <jl ^-^o ^4*-^ ^^j^^'J JJ^J ^^ J^"" 1 t <j! 1 o*^ 

. JL>JLI Ijl^J ^LuiVl 

JwI^LljlJ! jj_4j*J 4—4 uJ! 4-^jlXI L-jlaj ciJJjL-^sj 4 4_ < _ ( _uLJ_XI ^j ul .lSjI CjI Jlj^JJ L&JJ-4JJ 4-4_i-uL-U2l i-XJj^^aJI 

^j-uj Jl-JJ ^_<-oj>J CjI ^JJ^ltlj 4-_JUjlJI j*j!jJlJI * J<*> (J > ^-;P^ 4 rth^eJll 4— J UjlJI LJL^a uu\j ^—XJj^IL^aJVI 

£) I 4-^-^i i-jjJaJJI jl 4_JUjlJI i-xjj^IL^aJVI 3j*jI JlJI 3^-ljJb (^^JLc lj-iL-3 ^jj_^=lJ ^^=Jj .jj-^jJI 0Jl& a I Justlu-uLi 
4-3j^*_4 C-LlIc J^ < cUJ 3j*Jl JlJI ^_ j^L^Jt£. (J-^3 4-<Lltoj <L3^*_4 J 3j*Jl jJI L^ld ^JJ^=lHj (^-5> JJ-4jJI £ L^-U 1 C-3j^U 

. J-Lajtil c-jLu-ui JjJu>oj l-£Lulu^=d\ £— JlcL-uj I Jl&j 3j>j! jJl ^_ SjLiVI f-p^ ^J £jj*J Bj^jI jJl <J-^£. 
^-Al— J ciJj^DjLJ 4_4_<-uL-u1 4-JL^Ijw^J C-jLl^aJI I jLjfc I Jl_U c-^j-ui^ 1 fljlr ij_<-uL(JLl CjL<-uLii]| J-^^-J 4jl<;r J^lj-i 

j t^lfcil aL«J| a| JiitIu_uVI j-^i J-A ^Lujp^aJ^lj 4-Uj^^aJI j^sLulJI ^-A^? 4._JUaJI JL^a tiVlj JJ-Aj-H ^Ic 













^j-^ (^-J^La 3 Jl-C ji e^VT 3 Jl-C tc-lj-^jj '^^ ^hh!-^ 3 LfljL<-ar>* ji 1 j < uLja -*[>-lt 4— l*^=JI ^jj_^=lj Ju3 LJUjt.3 

3 jL>wjj| Cjbl£.l tS*iA ^C j^-JJU 4-1^ L>. JJ-^J 4 J^^-n tl 0jL& ^C j^tJJUj! C-it-O LIU (JJ)^HJ JuJlulS 4_U_uL_u2I 3 Jl^jJI 

. 4-^_l2J| jJLl^ (^ic (Jj^J (J^W^ ^'^^^ $''** J I* s 

(J-^ ^^ J'-Lh*^ 6 -^ J' J^J^J?^^" 1 tl CjI Jl^^j <Xlc j^aj JLaJI -i-ip-tl (j-C- J*^*^ ^^ (J^it (J^u-t-o (^^icj 

^c £.|j^I OJ)^~~^^ ^^^i { Cljl£=2 U 4ju_u (JILc >J^>* 3j*jjl^ CjLtA^aJI Q^-*-* (J^^jlJ Jul3 ^j-a^auulj .<l^ rt*^ jJjJl 

3 Jlj^jJI 0jLjfc (j_C j^-LJuJI (-.f-t-ullll ^)-^ (J J ^""J JljJlulS 4j.mLm2l 4-4_<_uLl2J| 3 Jlj^jJ! £)-4 ^jj-JLtl ^j_4 J) lJlJV! 

^jj_^=lj ( -^jl—3 — jJ3j-& — CLcJ^ — j^j—^1 — f^J') 4_t-t.uL.o2l ^yA yi\\ CjI Jl_^j £)| 1 jl <i r Jl?e-Tl.-u <JJL$JlJj 

jj_4jJ! 0jLjfc J 4-4_l^Ll^ 2 I 3 Jlj^jJI (J-^ < , '**'^"^J |Ll Jl JN. J! 1VL <J-IL<3 j^jL^Hie^ J^J O-C- ^J4^ 4-J-il-LJ A^J-UojUC 
J j < uJ {J-&& ciJJjL^sj 3j^JL-L^ J! 3j^J_^3 4_p^3lJ| J_A eiSj^JtJ I j Lq <<3 > J)^ '^ SfcJ ^ 1 J J^l^ 3 JlC (j^ 9 ^ 3 J < ^aj ge 1 1 

. 3jL>wjj| 4-)Q^d juL^IL>iJJ 4 Qj^tl (j-L 2 - 5 4-dc 

( o>^ <^^T 4_f.rjL<^ j kis ) j-jj-a 5000,000,000 *jjjJ jU^ Jj^j o^ L2^j ^jLi^=> cdJ J^M L^j? 

. ( J^J<-& \-SZ-JL>. 4-t-rjL^A. ) DvXTTZ 4 QJ^tl ^J-Oj2J (j H MJ ( . cl^3LJ a) 

loLo^tl 



Ihh^ 



smqp 


ra*"W» 


fPTpiSbz 


Killo 


l«IF 


K 


10 3 


Mega 


JUD 


Z M 


10 6 


Giga 


jam 


G 


10 9 


Tera 


fit 


T 


10 



-f- 













3j^jlx^5 A-p^aJI ^jj^aij Laju^. aJl?cIL<-uj ^-^p^ Cj! Jl^jJI ^.Ij^Lj (JjJ^ (Y~ w (JjJl>J| 



£YR;qp 


rafffoW* 


fPTIWS>z 


milli 


AP 


Z 


m 


10~ 3 


micro 


I^TD 


z 


JU 


10" 6 


nano NJ3 


V 


n 


io- 9 


Pico 


NJC| 


P 


10 12 


Femto 




f 


10 15 



Capital 3j^-l^3 4_^_JL>oj c-3jj^>ij 1 j^ j^juj^l^VI cj! jl^jJI jj-*j <j? '^^V ♦ i^pela ♦♦♦ 

. !Small j*JJL^ L-$jj>%1 LqIc j>^JU jJul&x \ Cj|Jl>wjj| jj-^j 



ajKHtfNjGz 


2JEff)ffNj 


*ft 


(IqftliQE 


V 


Volt 


un» 


V 

E 


Voltage, potential 


ItfilMI|f-C 


A 


Ampere 


fiCfiJE 


I 


Electrical current 


"(WjffiPHf-c 


Q 


Ohm 


!NjE 


R 


Electrical resistance 


K^jpfwpb 


F 


Farad 


<flH 


C 


Capacitance 


HaqSNjfhPlf-d' 


H 


Henry 


nfd| 


L 


Induction 


KEIf-O 


W 


Watt 


Iftflf 


P 


Power 


KflNjRMf-d 


Hz 


Hertz 


HPJ 


F 


Frequency 


afflf-E 


Sec 


Second 


Hup 


T 


Period Time 


afN|fDQjf-e 



J 9 ^>JI 













. i-u-uLitl A-JUjlJI ^j-uLj-SJI CjIJi^j 4_ajVI j^>Ll*JI *mj3 j£.jj£. t Jfi&A J^>^ 



V=11000V 



I=0.004A 






- ^ 



C=0.00001 F 



R= 1000000 Q 



4-4jL2_4 ~ Y 



1 /j ^ t a 



V=11000V=11KV 
I=0.004A= 4mA 



C=0.00001F=10jiF 
R=1000000Q=1MQ 

. 4 <? H V 1 1 4-JUjlJI CJU3jL2Ju ^V^=3uuu] (JlLc '■ L>»lj j LgaJuul IJlA j^cj <ji^ ^j^^J q ^ L/^ 3 ^ Lh^ J^^ 3 ' 
j^-^JjlJI J-4J (Jj^J ^^J W^^- 1 (3j^ f (3-^JjC JJ-^J (jr-^ 4-xJj^IL^3JVIj 4-AJj^^=JI ja^LutU 4-JUjlJI jj-^jJIj 

Reactive Elements iib^j^ja^Lui - f 

Resistors oLajLitl - ) 

Capacitors olii^Jll - Y 

o>U.jJLl - cjL^dj^JLI Ji* a^kJI JU^Vl Transformers oV^Jtlj oUUI - V 



^>jlj^j (Biasing ) 4-jjuuj -*>#^ ?:' 



♦Active Elements ^L^j^L^ - c_> 

Valves oUU^tl -^ 













Diodes ol^Loil ->* 

Transistors jji^Jlj^Jl -V 

SCR & Triacs cdLpJIj jji^liil - i 

Integrated Circuits UaL^UI j%jJI -° 













Resistors oUjiai \- \- y- ^ 

(volume) Jl4j>J1 j? jLl!! 4 p^--*-"" — JL^ (fu-oia) ^j^a — jLu JJurta :iiJi>n - X 



(^JUaJI J^DuUI 



>^l 



S-ajLSJLI p^j 



r**i 



R 



Fixed Resistor 




R 



R 



Potentiometer 



Variable Resistor 





LDR 



LDR 




NTC 






+t u 



J 9 ^>JI 



4_l^J^S Ajjlj^ c£>^* 

PTC 













'L* 



Capacitors oUS^m Y- )- Y- \ 



JUjlJI J^i^itl 



> J J! 



JiZL^aJLl pjJ 





II- 



Fixed Capacitor 




^ 



Jt^*-^ 



*~^-* ■ 



Variable Capacitor 




±. 



c 



"" ' i <*—- ■ ' alL^a ■ 



Electrolytic Capacitor 



(1- 1)JjJL>J1 













i^J! JUxVlj oV^Jllj oLiUI - r- )- y- ) 
Coil & Transformers and Inductive Loads 

— tc-j l- tll^pjl j ilj-i ^- aJl?cIL_<-ujj ^ Mfjl^LuLcjj ^^^ )1 (j^j rttl Jl_ljjj :Cj\ iLJi 4 audi 4 rtjfcjJI ~ 

CjIj^=lII — l-LJjI]| CjLjJuJlII 

Matching SjuUJli i2^ij_^ - J^ljJLl c^ JajjJI ~~ ^4^' j-^j j' u^^ :^V^>Jtl ll^j - 

Zjl£=djj>. A^LU J I 4-xjj^^=JI ilLUJI Jjj^>o ciJj^>JLl iiJoj - 

. J^>Ll*JI J>JLjJ 4-JUaJI JL^=3 MJ^Mj JJjCjJI 7=-^^ (1" ^ ) JjjL>Jlj 



,Ujtll J^r^tl 



> J JI 



> L^-JULj' ^_<_ul 




Fixed coil 



X 



-Tf- 



Variable Coil 




Transformer 




"*■.■ 




r~im 



Relay 





Motor 
















Active Elements ^LmIIj^LUII Y- Y- ^ 
Diodes oLSLoJI ^- Y- Y- ^ 

(jLbjJo CjIj 4^j^IL^=J t jui-^ Lie. 
. oLuLllU iAJtLkil 4_JUjl]| Jl^n uiVlj JJ-dpl 7=-*^J^ (V - ^ ) JjJu>Jlj 



Cy U^ll J^irM 



> J JI 



A a] jJtLJ i U) A J I^jUu) AUJj] 



>+ 



K 



Diode jjjta 



* 







$■ 



Rectifier Bridge 



*F- 



K 



Zener Diode 



X 



c3==- s 




K 



LED 




K 



4ju-oJ) j^jJlLo -ij^l-i 

Varactor 





K 



f j uaJu (J-A*J 7-LuLc 



: Cj Lis jjstJLa V 

•U M< ^ r - jW^' ^r O^-^Ji Lt^J-^' Afcj'^Lj J^tP' AW^ v / 
Jl>w!j l_3^Lc ^_ 4 • 'h^a CjLxjIJj 5jujI £yz (j^^auJ ^jj_2jJI Sj^LilS ^ ' J 













Transistors oljji^jir^i! Y- Y- Y- ) 

FET JUJLl jjjb oljji^jJIj^ - Y Bipolar tr. 3 nUMl ^LS oljjWplj^ - ) 

Electronic Switches i*j>^ i-ujp^=JI ^Ll* — 3j j^ jt jLj jt ji^ olj^* ^L*JI £i.J^JI <♦ 

4 rt 1j V \ \ OljjIL^j^ljIlJu 4-JUjlJI (JL^aLuI/ 21J jj-4jJI 7c_a-ojj (A - ^ ) <JjjL>Jl 



(^JUjlJI J^ m< 



> J JI 



J- 



jLeaJuki! rfU-4/l 











»T1 



kT2 




• (-► 




D 



•— K 




D 






G 



I- e 



NPN(Transistor) 



PNP 



P-type (UJT) 



Photo Transistor 

NPN 



JFET jjW^I^j 
N-Channel (FET) 



P-Channel 



MOSFET 
















SCR&Triacs LdLpil jjji^lill r- Y- Y- 

Ti, T25 G AjI^j - Y <^jis - ^ <^>t^ ^Ljp]' e-Sljls? - Y 

£-| lid) jl jlJI 4_ ^3L5CJ J| 4 ^L^3 A [ *- ^ (>Ukl >ij| 4- jl jlJt jtj 4} till JpJI 4 <L^>J - I 



.n. 












. ciJLjpJIj jjIu-uj^LjJI (jj* (J-^ 3 ^ 4 ^h^e-ll 4-JUjlJI (JL^Lui^lj jj-^jJI tca-ojj (^~ ^ ) (JjJ^j>Jlj 



(^J Ua JI J*^ mi 



>jjl 



^ ^ftll ^U-ul 





M 



K 



SCR 




MT 



025 23 
UNF 




M 



■_# 



M 



J^O^JI 



Triac 



.^r. 













cilLpJIj SCR qj* J^j ^JuS IL. JLojieliJLl Jj^j/t^-nY^] j^aLutJ) JJ-*J i" Y- Y- ^ 



> J JI 


JuL^JuUl AUm) 


T Tl 
1 T2 


UJ1 4JL^jJI (^^L^l j^lL-uj^Jlj^J 


'** 


PUT ijsE^j^iJ JjLsJI aJL^jJI ^jLx? jjIL-ujJIj^ 
Programmable Injunction Transistor 


A21 MJ Al 

G 


SBS (>UljL>JI Jj ^LuJI ^j^^aJLu-ail 7-LliLa 

Silicon Unilateral Switch 


T L-^T T 


DiAC cijLjJI 


T, |^j T 2 


^€^ k 


Four-Layer Diode oLitL ^jVl ji ^SLfiJI 



Miscellaneous uU>tw T- Y- ^ 



Ly UJI J^-t Alt 



>jJI 



JuL^jUU) rfw-ul 



Hi m mm If 
I Hill 



Battery 




Power Supply 



.^ t. 












JUjJI J^i^tl 



> J J! 



>■ 



^-<-ui 



\\ 



Solar Cell 



• i 



Fuse 




Switch 




1 



4 5 



IC Ucl^iXl j^IjjJ! 
Integrated Circuit 





V 



Voltmeter 





A 



Ampere-meter 




Loud Speaker 




■a 



Microphone 










♦♦♦♦ *t i *. 5 

: i+uuLX\ 4^1^=JL £-lj__]| J*i_=f ( ) ) 

^J-ojj ^^^3i t -^ J ? 1 ^' O^'-^J ^J^JJ **-^* - W L^iJ H^~^ jW-^' ^^-^ <j-aL23 ~ ' 

1200 4jj JiJ dltj^ 4 ^^ti jl^,„ti -Y 

AJ^J-t-cJI A-XJ>aJI 4^-iIqU I_L (jyJj^^tl jLflJI JJj3 - ' 

3 Jl^^j ^Jj^^aJI ^_U_>J| ^j-uL2jj 3 Jl>^jj < _£L_=3 \\ Ajuuj ^j-uLSj - ^ 

: cH ljSVl jdj o^ i^p^^Jl U_^)M jlij (Y) 
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( J $y) *jJ^ ^^- 3* ^ J '^ '* " (jjp^nj LaJiJ^. j f^» )c {C,\ 4_AjLio ^jo/LlSJ jILlajVI aJLjeTliuj V L^^LLdJ - » 

(jj ^— >j J ojS j <^rttl c^lj^-L^l JljvI J f^ <<3 » 4-<-^>o Bj^IjlJI IL. j f^»}r ^gl ^j^ st^ jl 4-^ajLlH (j-tjL^ JlJ^. -'^ 



. ^j-uLlSJI 4 jl or 4_ j3jp ^jj^j ja-oLt^. ^_A ^Ll^ILo 



J t^jjjl jjJI ^j-uL—lS J kij ~ ^j I j_G jILpuJj iJl J us ^ ^ 6^^' (J- ' J^ ^ ^ : J^ 3 *^— ^ 



U 



c_<_ 



,^r 



. 4ju9jlJtl 4_<_uLHl i^-tiJl 



.rn. 













uU^dU 



.rv. 




4-pJJL 






-cvirTio ll ii ijnl llq -c^'i nil p ilnlll nnlnlln QqII 




^> 



i 



(S^sS&f^i 



A t*H t a) 4^J^Il^3lI| J^lj-i 



u'i g 1 1 c_ujJl1I!j ^/' all j^-JjLliJ 4_aL*JI inn cij-<UJ 2 Uj A -> * J^j " -^ 1 1 *_uj^». 








. 4-xjj-iis 4-4jL2_4 *_4 flla ^^—^ <j-a*j (^J^' jjTlujij^j \jui \ a l jLitTn-ou S^Ll^VI ^_ p*^ stlul 3j*j|_i~ Y 

. (^jIjj jl cr^'J-^ CjLcjLSJL! (J-l^j I JUL 4-^jucj Jl^j>J| ^ ni!?fl 4 rtjfcj ^j-4 (j ^ **m 1 1 ~ Y 

J— <ju LcJlJ^. ( 3_ij_JLit! 3jJlJLj! — Jl-^j>Ji — jLpJl) jjILujj^j Ij^i-J 4_pwLLm ^3|j_JkJ| ^j-ul_lS ~ 1 

. i^JJrv 4-xJjjuaJI 4-4jL2Jl! ^^Ij^ 



4jL^J>* 



Yl - :j^!^l 



. A-JbLcUj ^J-^J S^JljlLc (j-^Lf^ 3j^j>*1 ~ ) 

. *u-ujJIj j^-t^tUJI CjIj^I — aL>J 3 Jlc ~ Y 

uj^j ^JU^ i^L>. ^LuliJt 3 ji^jJIj JjVl 3 jl^jJI 4- Sjl J^SI MJ^' 6-^y 6^ " ♦ SjlJ^I uL 



_rA- 







2Ud£t 

jl jLpJI 3 Jl-Jj jLJjL?tjJ aJl?cIL<-uj d^p^ i-xjj^H^aJVI j^jIjJlJI ^_ Lai Justlu-ul j~^>Lul]| ji^D! ^k 4-4jL2Jll 
4-jJuu J-ILc (^.jlx ^dj^jlJ I $j*j L^ ^ lr Jl-^j>J| ^_ L^*-4 L-^j^ < T cj— cuJ ^ ^3 1 j] Jl-^j>J| ^j_^ ^}^->. ^J^J a-stlu 

Jjt uu\ 4jjjj «Mlj i-u-uLltl (Biasing) jL^oVI .^4^ iLsL^alit j^IjjJIj jjl^jJ[pJL^ ULloJI ja^LutJI 

: (jCllO-UJ (J-tlL£.J^JSe^ ^JJ CJU3JL2JL! pj < U-Sj *J^~^ 4 S J <• 4 i\ *-£U) <Ljj^IL^=J V I j-l^ujlJi ^JlA 

ajI ^jjjLiJ » <^~^\ ^pJI (^^-^j » ^J Ou3jL2Ju ~ I 

4_4jL2Ju : <^-& a! Jl?cIL<-uV| 4jLJL_<i p'J— H <-J^Lj L^la Jlj^jjj : <LlL2j>iJ| j^f-C CjLcjL2JLI ~ c_j 

Jl^j>JI (^^lc 3 Jl<CL*-1I CjLajLSJllj — 4jjIj^>JI 4_4jL2Jll — 4-xjj.UaJI 
^_p* £)-4 1 (3 <1J < u-dJ ^j_^=uCJ 4 (jLitl (j-u-t-o (^^1^- 4^iLL?t4 3 JuJlC aLojlSI ^J| 4 jt^-Wll CjLajLLll ^-<-o2j ^j ^=3 3JJ 
CjLcjLLc ^J| 4 oj^tl ^jp* (j-^ 1 ($<ij < u-S ^)-^3ucj ciJJjL^Dj 4-xj^jj^d CjLcjLLcj 4-i^=JL-u CjLcjLLc ^J| xJj-^JI 

CjLcjLSJl! ^j-^ 4-iLL3CjC p'J-Jl A) jLJtTn-ulj 4 Hj i qj )| 4»JL^JLJI j^JljJul £)-4 (^-CJJ jLLdJqj AJ-2J-<-U 3 Jl^jj! 0jL& ^_J 

. 3j*j|jJI ^_ jLpJI ji Jl^j>JI ^j-uLti] jUxa^S z\ jL^-^ (J-u^sjj 4-Ld_^D - ) 

. 4j>j-ujl>iJL I ^u-SJLj 4_<_uL2JlI (<u-SJI 4-jjLS-^j Sj.51 jJI ^_ 4-JL^=JI 4-^jLSJlI (j-^Lf^ ~ v 

. CtJU Jl^j^ ^h<a (j-Ufc-a Jl^j>^ c^^- J J ' ^ ^ CjLajL2JL! aJl?cIL<-uj < ^J <: ~^ > ~ i 
) 4-xjjjJaJl 4->3jL2JLl AjiitllujJ <^-^p^ 4-il^>> jul£ 4->ajL2JLl ^<a j^ t pjj aIJl?cIu-uV 3 J J 4_J->Lj-5> 4JL-<^jlJ| 3j.jIjJ|j 

: 4-ajVI cJal JlaVi ^Ji^ij (^a-!i cjL-uLl2J! J-^aj aj-2Iu-u Sj^i jJ! ^jlA ^_j 

. 4-xjjjuaJI 4->3jL2-<ui i-XJj^^aJI ^gajl '^»^i ^j-uLi^ ~ 
^_ jjp-LrjiJ^j \jui 1 ^jj_^3J Lajut^. jLpJIj Jl-^j>J| ^j ul .lSj tiJujj jjluaij^ljlaj i-p^Lultl ^^IjJk]! ^j-uLj^ ~ 

. fVih <i^=3 4 1 <^r £.ujI jjTlujjj^j IjILj 1 ^_ 3-ijJLaJll 3jJl2j! ^j-uLi^j *_La-S 4jL>^ 

(j_c i-pw^L-^JI (j^^^j cjIjl^jJlIj LED ^j-UaJJ ^-ujlU ^LuJIj jj^-uju^jIjIlJI c^ljJsl ^c- c^j^juJI ~ 

.j^L>JI jl^j>JI <j-"L^ c3£>^ 
?Qjj LjJaj 4-j j-<-4jl>iJL I 4-^_l2jIj 4»<_uL2Jl! 4 oj^ti (j\j 4.jjL2_4 J-<^. ^Tu-t-u 3j^!^ (J-^3 cr^- <--jL<-"Lj-2ji (J-<^- ^^J 







. Short Circuit j_^i s^sb - > 

— £)_^3uCJ Lc j^-l^d! J*-™' 4 - < hf-^ Ut^^"" 1 ^ JuJu£. Ij^a-A^ LujJij (^-^j^LaJI (j-U Jl^j>J| (JJ)^^J ^ Lga-SJl 3j^l-i ^_ 
Jut£. — (^ cgaJuul *_a (^jl^j c.ct-oLLc j^La-Sj lLLL^j J-u^jIu j^l^I^. ^1 ^_^Is (^^ic j cga-SJl 3j^l-i <J-^£. (^-^J ) 

.Open Circuit £jiA* s^Sb - Y 

. Tolerance ojUU! - r 
. Dynamic Resistance ( Bj^JlL*) i^^LbjJI ^jUil - t 

. (Biasing jL^jI 3JU. 4-) -^ ^^ LsJa^ juu^IaJI Qj^j 

: Data Sheet ( oL^Ldl ) oU^ljll SjUi^l - o 

^jX. 4-tLlJI CjLojLlII £sL^3 1 £JU$ j^dJuj 4jLu^II 4^3j^IlJI ^J-l^ ^j-xs Lkj|jl£.l *UJ (Jj(^- 
J^pJIj 2jlj^v <^J-i J^^ (^ r^VMj jL-JJ ^ r^VM (Jj-A j r^rttl 

Maximum Rating J^^^j^^^f- i 
[Characteristic Curve Bj^dl ^^I^J! oLi^i^ - v 







Electronic Switch ^j/i^tVl ^imi - A 

.(j^^ Wd>^) 1^ LhH^^ oj^j ^j-^ o±i ^^4^' 6^ l£^ (Short Circuit j u^$ 

Open Circuit i^jii^ 3^1 jii= J-^juj (Ij^l^> Lj>Sj) 

( <L*5j tiaJI 4_ajL2JJ ) rj Jail (jjl^. BjLglUJLl 4_ajL2JII ~ ^ 

Light Dependent Resistance (LDR) Photo Resistor 

J-SjJ S^Ll^VI 3 jL-tl; j^Ju-J 4_AJj^^3lJ| L^ILcjlJLc j*JJU-J <*L_AJ>* 4J_^J-4 4-t-tTo -^'J-^ (J-^ 4**< ( <^A 4_4jL2_4 (^-A 

(LED) Light Emitting Diode *j^ ^u\ ^L&l - i» 
Saturation Point j^jjipiJ ^. .Viti Uuj - > > 

* i<~i) ^jj_^3lj 3_iLc j. I Ju*. j^Jl-x^> J ^^ J-&J Vce sat f J '** " ^-4^ JuJu£. *_^j>Jllj ^cLlJI £pu Jl^j>JI 
4—JL*. ^_ 7-LIuL<^3 jjp-t-oj^j IjILJ I a! Jl?cIL<-uI ^j_^=ucj f-j-LujJl 4_La_2j Jl^ui.3 ^JLjJu . CcJj-dJ! ^j—d jl M<r 1 

Cut Off Point ^kil! ilaSi - \ Y 

jjp— t-oj^j IjILJ 1 aJl?cIL-<-uj A La-SJul ^Jl_A JlJ£.j VCt/ = VCC j J Lgai» 1 )i ^^ (^jL<-uj c1^_cLjJ|j « <^>JLI cA- j 

.(i^jli_4 Sj^l j) Off «J^ 5JU. 4_ -Allx^=3 

Active Region iiLuiJI <2kiXI - ) X 

a! jLJtT(-t-ol ^j_^=uCJ 4-_2-LaJJLI ^Jl-A ^_J jjp-t-oj^J lj>Iu-J *-j-lu2u 1 4 Hr7 1J x_La-2j| 4h!ii (j\J Sjjjl^j>JL| 4 r7H Ul ^_& 
jLaj ^j) (^| J^ JlJ! jLpJ 4_^^3u?e-4 Bj^jiILc 4_^jL2-^ jjp-t-oj^J IjIlJ 1 4-t-cuJ J % \ *'^jj j ^^"^ ^ <: ~~ > Jjp-t-oj^J lj>Hi 1 

.jLlUI j-Li^au J-^Laua p d^p- IC = fix IB a^MaJI 3 j t^j 2 JLC.L2JI jLj s^L^j ^Ijjj^ IC j-^>JLI 

-t\- 







DC Biasing Sj«n«U jL^j^I ij#>* - ) I 

A SlaJLa ^_ 4 JuuiJl j lpLulJI j| jjj l^j^IjIuI J-ii JjuJ 4 aj^UI 3j*^j tail <-->ljl -jHJI J I -ij 6^^' 

. 4j j I La 1 1 ^Lt-LuTuI 

Power Consumption (Dissipation) (3 jjuil) ^aJ^icoil Sjjl^JI - 1 

Cj La lp I ji> I 3jL<Cl-<-uI ^_j Lka-j >JLl j aeJJ 3jlj^>». J^aL-cu ^_ ^-Jj^IL^aJzl j^l^JjlJI La^Jl-U <_p-JI 3jJl-2JI 

.jul^JuuI Lfcl Juuj V) <- r t>o (^pilj 3jJuLjI 0juj ^ <;htll (^J-2jI -iJ^><-> 

jji^jjij^ii 4- (^^aJLjicoii) cclJutji 3jji2] jii^^i Pc - n 

P c = IC * VCE dlj^aX\ ^LJ! iJU 4. 
Automatic Control J VI f^=L*UI - W 



-it. 







jf jLlIJI 4- p^^t Potentiometer s^jliXI oLajLitl ^ jl^j < uj cd]jii=j . <jjiUtl 3^2] I CT k. Jj^^JL! 

.Volume cjjjuaJI 4- p^^H ^jiieicaJll Ji* ji^JI 

jLi^. jmt Jjj fn ^^lc Sj^IjlJI j.-x^Lt^. e-blj^Ll ^^J^. i-^Ju S^ju?t4j 4—4*-* 4>^ ^^^ LJLc. 7:LlL>o Bjl^I^JI 



( r<^ ) 



(j-c jl-j^j V vi-_po jjj-tduj^ljiJ! sjucll 4-j^' jW^' ^^^ s-^^ ^Jj^-^j VC — 5V *--^>Jtl ur^-j IV 
4_2j^Laj J-L^^j ^jJlj 4_t.ioL.i2J I cjLcjL_UI ^j_^ ^j_c a! jl?_I1_<_uu (^j-SJ! ^jla (^^J-c (Jj--__>J| ^Uj LJU-C.J zU (^ A 
_L. 4-^L?(-^-L-u Li^s ^J^ 1 -^ jJul^c ^j_^ ^ ^> J_pcllj <jl tiUj .c-jjJLUJLl jLp-JI jl Jl-£j>JI (^lC- (Jj ^"*-lt 4-i^*-a 

4- 4_^jL2-^ jJLx^l ^ya ^J^i tc-u-^jj J-Sj Sj^IJuJ i-JL^aJI 4->ajL2JLl ^jL^ (^jl^j CjLajL2JL! ^J-4-l^^j Jii^. Ls-^J 

. (^jljjJI 4 ^=3 J Ml 

. u^LujLL^ (^jl^j 4JLl^jJLi cjLajL2JL! 4 ^-^ * ~* 



-tr. 













^CJ ( ) ~ V )ij^~^ tHjJ 1 ^_ 1 fl*^ L-iiduLlll ^j-uL2JlLj 4»a_<_uL>iJ 4j>*jJ <_^C 4-JUju! Sj^Jl Jul rtjfl loILj ^J3 

. j^-aj>JI e^ljiof ^^l oLjLb cl^j!u ciii^au^jj Jumpers ^jL^JI <>^=>U! j^djuj v^=l>* 



Ri 

100Q 





B C 








O 


O 





J 2 « 



D 



J 4 



G 



R 5 

100Q 



R4 

100Q 



R 2 

100Q 

E 

R3 

100Q 



0- r)j^Jt _ ^^iUi^^Lbjj - 

( 1 W) jf 0.5W 3jJlL> 100Q 3 jl^Ij J^d U^ oLajHa _>jlc - ) 

. 0.5\V SjJu3 J^stjjj 10V Jl^j j-bj ^Lu - V 

( jILpa^t) ^j-uLlSJI ^JutlLa JL£>- (jjz jh^=a) ~ ) 

^UV(J C >-<C<-LrjL4 Sj Ju3 s Julo-^ ~ Y 



>L>J SJlc 



- r 




j-f^Lc ^f ( m^ju jf cila J^ Sj^IjJI ^ Power Off SjJlHI J<^l - ) 

. ^J^ 4_<-uLaj3 < -J j Lta 1 . 1 juloJjlJI ^_^is (j-ti^Jj V ^j-uLlSJI £.L<J! ~ X 



.it. 












.100Q sjl^Ij J^^ 5-<^ oL^jLl^ 5 Ajiici^l - ^ 

. 3j*jI jJI ^_ 1 ^ljl^=dj2 J_i^ CjLcjLSJLI 4-^j3 <j-^ A J*t ^J*-^ Lr^-J J^f^>^^' aI Justlu-uLi ~ Y 

S {V / ^AJJ ♦ A-l^-uVI 4 OJ^tlj 4-<_uLSJlI i^-tilt (j\J (3j^ dJLlA J-& - 

S 4-L^-uVI 4 fljrttlj 4-<_uLSJLl 4 ^jrttl (J\J (3j^ ^*J^ li^i ~ 

(J2-&J (Y~ Y) J^=L-<iJI L^ge-j ^ j j 1 i^» 4x.j_lUJLI 3j^jI jJI (^^ic cjLcjLSJlI aL>Jj < r c-x^^pj ^ - Y 



+ 



At 1 I ^JX 

Ri 

ioon 



-^V 



D 



20vdc 



R 2 

100Q 



«E 



R 3 

100Q 



(y- r)j^=ui] 



A(rSU^;tl 

Rs = 4-<_uL2JlI 4-^_l2J| (J^c-<-" ~ 

7? r =R X +R 2 +/? 3 = 4l>UJI ^Sj^jLJHjI^tl OyLiXI V „i^l " 

S( V / ^ju ) La^Sj <uj_<-oj»JL 1 4 oj^tl (^jL-uj 4»<_uL2JL! a ^j^ti J-A ~ 
(^t_j 4_4jIj 3j^c i-JL^aJ! 4_4jL2Jl! ^j-uLlSj ^Ja ^.j XV3 4_^jL2JLI^i£. j^-^a 3j^t-i J ^^ 1 ii.LL<.u a! Jl?cIu-uLj ~ *l 

. A,G i3*2X \ 

5 i-'-ll.jJI La - 
-to. 













^Luu 



Lh" 



L_lSJ J J j <-a^>Jl (j Q VjL_JjIu_^i jl ^ J_^>JJIV3 ^ lr 



> 



0J— >!-* ^j—A ^ 



- V 



It 



m 



i T = 



20V 



.^j-uLSJLl jLp-JI *Lmj3 ct^ ^° ~ 

4j3^L*JI £yz 4-J J-<-4jl>JL I 4-<*_tIiJ! La^Sj (^jL-aJ 4-<_uL2JL! 4-<*_t2JI J_& ~ 

jLpJI <j-^L^ Jj?c<-uj 1V3 i>3jLSJLl (j^^- j '^ 2>5I j J-^- ' ~ ^ 

{ ipjis — A_4-<-a^3LC. } 4j3^Lc 4-AjLUIj jLp-JI (>U 4j3^L*-JI ~ 

X ) - V ) JjJl^J! 4- oLuLmil J^uj V A g 



VRi 


VR 2 


VR 3 


VAG = VT 











( ) - r ) Jjju>ji 



Vt = 






- ) 



/T-U-LLl.tJ 



jLo- 



.n. 













( j-^>JI of ^^ (V- V) J^UI 2_ U^= ii.LJI s^SIjJI ^ R5 <R4 (^LajUX! ^ L>Jj v^=>^ ^ 




Rp= 



J? — 5 ° 



/? 5 +/? 6 



.Q 



(v- y)J^*aii 

4-<_uL2Jl! 4-^-l2J! (J^e-<-" ~ 

(^jljj CjLajL2JL! ^J-u^jj Ju£. ^lILZu-uj I jLa ~ 

4->J-ujl>JL I 4-^-t2J!j 4_<_uL2Ju 4-**_l2JI (j\J OJ^ ~ 



- ) 



- Y 



.( 2X) V ) SjJLill jjLua.a (Jj^sjiJ jLu-5t (JJ/Ll2J J J %rj^ U^i J-H^^ ' <S JU=> ^ ~ ^ 
: J^f^' O"^ ~ 

It 

(^Jljlll Sj^Ij 4- ( V ) ajUaji li.^j^LSJLl jLjlJIj iijL-aJI AjUA.tl £_ jLjllI i*^ (>u oj^ " ^ 



■ iV- 












VI 



(JjJlj>JI ^_ cjL<-uLlSJI Jj?c_<-uj jLpJI <j-^j J3 j-ujaJ I j J4 j-<-fjL>J I (jL^=u<3 jLpJI ^j-uL-SJ Sj^-^1 J-^>j ~ 

.( y - r ) ^1 



I4 


Is 


It= 









( Y - X ) Jjjl^JI 

5 L^IsJt CjIjLlI]! g^j £aMj«JI j^Jk La 



It = 



S{V / ^ju} ^jUkJI cjIjLlIJI f>^c^ 
Vbg = v " 

VcG = V " 

S( V /^ju ) ^Lu^LujLLa ^jLl^-l2J! Jjk ai^^Lj IjLc ~ 

^jj^3lj Jl£j>JI ^jLs (^J^p (J-u-^jj Ju£. 4j1 ciJJj ^a Tt-uILuxJ ~ 

: (j? Ja-^^LL_u I45I5 £>* (J^= o-"L^ (J^-^J ^4 ^jL2-ll c^^- j c^ J-<^i ~ V 

l 5 = 

I 5 =It 



.tA. 












RT = 



V 



DG 



V 



EG = 



jLuLU iJbtaSj JL^ai) (tinilid^^lill j»dJtLxl t- >- Y 
(£- V) J^-, ,1, 4. U^= J1,J2,J3,J4 j-m^II J^>j 




(i- X)^=JJ\ 



.R T = Ri+ (R 5 /R6/(R2+R3) ) ^M*JL 4jl^tl JLojUJtl ^ud.1 - Y 



*Uj.ujl>JL 1 4-<*_l£J|J <L-uL2Ju 4-<*_l2J! (j\J OJ^ ~ ^ 



V 



V 



. (^jL-ujJLj Jl^ScJJ Lq^uJLa ^j^L^JU 



■M. 













. 0.5W Bjjubj Vz = 10V ^jl^>- ^U-i^ jJj) ^Liu R5 i^jLHI Jjui^l - o 

. jIjla] (^jU^j Jl , J4 ^ >L^d J juiu-ufj J3 j^-a^>JI Jjua^f Reverse (J nAr J^jj 



V 




DG 



Lr (jr jLbjVlj D 4-U_SJj| (j^ Jl^>JI o-"^ ck 6 -*-" ~ ^ 



.mA 



II — It - Iz 



.mA 



Vdg ~ Vz 6^ <3^ " 

I2 



mA 



It 



I|_cj|jLpJI Jj?c_<-uj ^j_^j>JIj cjljLpJI ^j-cl^ ^.j lv3 = 500i2 I^qj^ i>ajLS-^j K.3 i^jLltl JjllL-J - \ 

.(£- r) j_jjl>ji 4. ^>ji j (r- r)j_jjL>ji 



It 


Iz 


II— It-Iz 








( x - x ) Jjj^ji 


Vo 


V z 


Vr 2 


Vr 3 











( i - r ) Jjjl^jIj 






vz =vo = v R3 +v R2 6 ij^- 

jLu -il-ij-^9 II J-*-^' jL-P J «£* (Rl = R2~^R3) RLj-^>JI ^'^3-j R3 sjLjj^j ~ ^ 

( V = V z ) LblS £>J! X&* Jlb^ . Iz jjypl 
e^_caij R2,R3 0-* J-^ ur-^ J --^' f> Mf ^j j R3 ur-^ - L -^' ^±>-d R3 *->Wj^ " Y 

• 8 V ^gjl t UJ E ila2iJt JuX. JLg->Jl (JaJ>J 4-ApUI R3 4-<MJ3 (.^M(-w| : Jlj-^ 

Iz = mA " 

It = mA " 

S liLt . Sjlt^ Juu q^c-uoJ IJu jJjjJI <jl Juselu-u jJjjJI (^^ic ^^ £-*-^ 

Iz= mA ^^JijLu^- 



u_u 



„ 20-yz . ? . ~~ - 

/Z = <J> O-* <3-^° 

I JlJj j^JjjJI £-jn <^=d jLp J-^ JljJu^-J 1l= O^ ( i^jILLc 3j*j|_i ) I Jl>. \julj^=d J-$j>JI (jL^s LcJux. 

.81. 













• j-yLp' 4-J^' J^^' i^-SJ LLlU L^U^ J-Sj jf -^(-^p 



.or. 






Summery ^^1 

. ±\±yi Sj^I jJLJ 4jl^tl i^jUJll ^La Series ^I^j oLajLltl J^>3 jlI^ - Y 

. J2j Sj^l jJU 4jl^tl ^ajLHI ^La Parallel ^jl>3 oLajLsJll J^>3 jlI^ - Y 

CA-J Jl_^j>J| (J^l_aj3 c-JjJLLa-tl j LgaJuul *_a ^ j I jJ3 jILj^jJj-a J I ^_jJo J-l^jj Jl_^j>J| (J^l_aj9 J^lc ~ 1 

. 4-i^jJs 
ciJ^j aJlc Ju^.j jL^j>JI c-jLLa^1 SLcljwC *_a ^JI^j jILpa^l jL^>- <J-u^>jj ^-^o jLp-JI o^^f^ L ^ iC - ~ ® 

. 4-4jL2Jll 0jL& 4-<MJ3 CT^- ^4^' 4-3-ujLSJ fj"^ 
. 4-4J^>iJ| _ij^J>J| pJ_$JSE^3 

. 2 US /ti ^JlA {jj$ 4j>^jL>J! CJljLpJI pj-^j?E-4 (^jL-uJ 4-La_2j (^1 

. (^jljUJI Bj.51^ e-blj^LI ^^JLl LuIj Jl^>JI oj^j l£jIj2 (Jf^j-^ uJl ^- ~ ^ 

. ^JIjUl Sj^t J ^_ tblS jLuIl <J>5^} Cr^' J^jUl 4- " ^ 

juuaLtJ! Ijl^ 2-jJ* l? ^ jL 4 J ^' uP 3 j-^^i^i (^f ^^ Short Circuit J( ^ Sj^b J-*^ jo^ - ^ ) 

j^MI Ijla 4- j 1 ^' j^' pl^j^rr ^f (JT k. Open Circuit i^jii^ Sj^b J-^ jlI^ - ) Y 

3jjl2JI Sj^IjJI >^>L^ q^ j^^^ l5? 4- Power Rating Zjs2l\ Jjlj^ jjL^j VI c-^o - ^ l 
jw^>LulJI ^jl-a ^j2 Sj.51 jlJI 4- 1£>^*' j—^ 5 ^^ f— A 5JL^>j-4 ^-^j 4_^jL2JLl (j-^L^ Ju£. LUiw ^.ILb Jl^ ~ ^ o 

-or. 













0) ( j ntVt 
A ajlJLc I A CjIjjj (-uj^uJI — CjIjjj l^jIjIlJIj CjI jXJLuJI (J "a A j1 xJu) j c^ujlJ! 

j ^tv; Vj juLaLtll J-JLuull ik2j ^^ jl^Iaj 3j^LLa i*jL2* ^j Dynamic Resistance ^L^a^Lbj 

. 4JDI ^.Li <jj J^>«-H L-ajjCmj 3 jl^jJI 0Jl& ajL^j *-*j J^-M 4-->^ ^ (J^l j-^ L*j 



(Y ) ( jjjUl 

I2 




(i-r) j^=^ji 



eM 









R, 



-Ot. 













(V) ( jjjUl 

jjjj ^Lol Data Sheet ( oLL^IjJtl) oU^Ldl SjULlJ <f->(V- V ) J^^iJI iLJU*Jl s^I jJI 2_ 

(Power Rating) P Zm ax = 1 w ^LoJ! UU^ SjjlS ^k] < V z = 1 V < IN4740 A ^ j^j 

^JLc 4-j^jILLa 3j^-jI^ J-^-c jLi^. j^ujJI ^-<^>ij (^p-Jlj jLpJJ 3^jlj>JLI rvi 4—ajlJLjLJ i-L-i-uLltl 5— <^_l2JI ^— a I— a 

S (I L =0 ) J^J! 




(v- r)j^AJi 



: J*ll 



: ^i^a 4-jLujl^. ^j-^=ucj Izmax J4H^ ^-^f-^ c? r ^^' ^L^j-Lt-U 3 j L^Tn-o 1 ^_ < H+j ^J I jj 






Zmax 



v. lOv 



1l — vJ (J-q-sJI cr^- ^"J}**' "3 <i «J-j'-5 (J-*^- ^-* £ - 



Izmax - It =100 mA 



v -v 7 

Ri = 



Z max 



20 v - 10 v 
100 mA 



100 Q 



S cdJi J aj^^f a? 1 00Q ^gjl f uj i^jlJLa jLi>o (J^ 1 00Q ( j^. Ri i^jLsJLl Z^Us J_Sj VI e-cj>o 

. <jLOU 150Q (j^n^tj 100Q Q^j j^if 3^Jl>JLI i^jUiU 4-*_aj3 jllio <jf V^j cIIJjlL j4iP' ( ^~JJ 



-OO- 













Ij^x^ Lu^Sj ( jLlUI - jl^>JI ) l*J* dj<=£ Short Circuit juu*2l\ Sj^b 4- ~ Y 

qj'^jj (iJl>* Sj^jl-l^ — ^LL^-* ^La ) Sj^iJu! ^_^Is (j\j 4-4jL2Ju qj^~""»~ 4j>^jILL<3 3j^l-i J-<^c. Ju£. ~ V 

500Q, 1 .2kQ, 2.5kQ, 1 .2kQ ^ ^LajLLa <uu,f .ULjiJ - <_> 
60012 (^jL-uj 4-ajLLc (^c J i^i^l i h jl^=d 

( a - r ) j^Aiia.- ^ 
Vz = lOv j Izmax= 80mA jJjjJI 2_ j_«j <j! <_^>o jLu cr ^il oL^= 'M 



20V 



■C 



> 



Ri 



I 7 ir 



-/ 10V 



(A- t)Ji 



Ii ^ 



Ri 



1-150Q 2- 100Q 3- 125Q 

A ? J3 4-U_SJj| ^u jl^j>JI j-a La J-^>JI 4-ajLLa ^1^. j us& J-*£. f£ ilLL-aJl Sj^l jJI I2_ 



JuJu£. jLpJI i^-jS ^^ La Rl _ 200 Q CujL^d I i| - 



/ = . 



-01. 













( <\ - r) j^AJi 4. - j 

Bj^jIjJLJ ZA^-*\\ 4->3jLSJLl 4-^j3 ^^ La A 5 C/ 4-La-SJLll ()Ujj ^ J<;r Ju£. 

RT= 



iooa 



200a 




200a 



50V 



SI 



R4 3J^>wU 4-4jLUI ^ja/L-SJjILpajl jL^( (~) j 



Ri 

100 



<z> 



Rz 

3KQ 



R 3 

IKil 



0- r)j^i! 



R4 



Co) 



3Jl^Ij L4I4 j^^Ju 3j*jIjJI 0Jl& ^_ r 1 U^f aj^Lj ^^J^ 
- Y 

- r 



.©v. 
















^jIjlJI *ulj_2jJI Ijlj* (J\ <\^-i\ 4-U_<-uIjj di ( ah ) *u-2 ( < ^^jwC j (^jIj_jj ^Ij-j j^jIj^ Jl-usJj ^j_a ^L^jjVI Jlju 
4_a^Lc *-jl& ^ ( «k"lt 4 o^U 4_JLH aJl^. 5JL>. H_j 4HSj? (^Jl!I ?.l J^M (^jlx^a aLa? ( \) 4-a^Lc j-t^j-J ciJLJ^ 

.^Ltjui^LiKii ujkJI^ (><) 




SJl^^j! C-J-SjI J-A 


ja^Luu! 


u^ 


Lij}^ 


V 


>^ 










4jUr aj^'-* (Ji AjjiaJJI 3j^|jJI Jj[^>o ~ ) 



jjjJLl 3jlt.Lujl<u e^jjjuil _>L*j .jjjU^lt Jjll j^ jf ^h3^ j? ^ ^^^' clcjL^d til * A^luJI 



_oA- 


















/ / • * 


J( bll 


t c^ ) l_Cl\ ! f^-tAs ! 


- C~v 




V : Y ^ : 4jjL>Jtl ^j MJ^' (*^J 




^ « 1 7Tt 1 1 2 -v. j \ 


4-jjl j'tl i^jjJI 


^ < < £~ 1 1 Njr< 




Y- 
Y- 
Y- 
Y- 
Y- 


4-lL^1 3j^I^ <JI AJjiaJJI Sj^ljJI Jj^>0 ~ ) 
J-ablJI Ju£. A-JUjlJI CjIjLl1£.VIj CjLULIowVIj SLclj^a - 




1 ♦♦ 


£^41 






-OS- 













uU^dU 










^LuauLujjt&ll 



Light Controlled Circuit 

.^ujj-^l ^jLsJll ^j gjU^Jlj^ oLajLill ^ jjxT^jj ^Iju^L-uV (jntVij Electronic Switch 

Controller ( ^*^L>JI ) p^^iJI j <^;r U^ drj-^^ ^ <^;r ^^ JVI ^^^iJI ^Li^ j^i»jj 
a| ju?ti( u/u 3^.1 t-oVl ^_ p *^— i >i i 3j^_jI^ jl-iAzlj ^j-Sj t-u 3 jl^^jJI ^j^-a ^_j tensor u L^LLtl ^j-ul t-o^Jlj 

4_4jlJL<3 *_ a( CJn/CJlI (j\Jt— ^J-^l J^ rt-^jl "a-*^ J_<^Jtj) ^^Jj^H^aJ} T-LIuL^s J.<m.t-f.o (^JlJI jjH—ujJ^J [pi I 
4_^_i3 j>jju_j 4J_l£>j.4 4-L-tI/ -ilj-4 (j-^ 4t) <^a 4_4jL2_4 4-jjjjuaJl 4-4jL2JUj (j^l t ti~x-^-i <J-<^*J <_p-J>J LUlv 4-4Jj_a-o 
4-^^LjlJIj 4 da^L<-a]| ^j-jiaJI 3 Jl-<I/ 3^Lj^J 4_^jL2JLl 4-^Jb J_Sj <l^p^ 1 (^jlr ^.j-UaJI ilajprt 1 oJ A-xJj^^tJI L^ILcjlJLc 

. j^jjljttl^tiilljal^l > - t- T 

VCC +12V 




(u- r )J^,m 



( ivC 4-^jLltl (J^e-^ (J^ -^J^ ^-*jLmi ) . IvL = 65 Q J-<^>JI i^jlJLa <jl uLa> o^=* <*j ~ 



-iv 







(^t_j Jl-^j>J| tc j Lga ^ Or fvlz 4-xjj.juaJl 4_4jL2Ju 4— <*_t2 <J-2j 4-xjj.juaJl 4_4jL2Jt! ^-ic rj tJaJI lLsj_2_<-u jLt£. ~ 

oj^=j J^ju^ .( VBB < 0.7V ) jj^-Jh!^' Jj-^uTJ fjMJI ^LoVl j^>J1 <> JSt VBB L^jJ* 
j^l^JI j? i*T VCE = VCC = 12V j^>JI u^=di IC =0 oj^ JP*k3 IB = o sj^UJI jLu 

4_^jL2-^) 3j*j_l^d 4-XJjjJaJl 4_4jL2Ju 4-<*_t3 ^jj^=lL-u Ur Ivlz ^LiJjjuaJl 4-4jL2Ju (^lc £J-*-^ < ^J 3 < u aJi£. JulC ~ 
jj>.\ »JI J ^>JI (j ojf ^=>f tc-j <-^Jj (VBB ) 1 ^jio u L. J £j>JI ^IjjJ -j J^Jju£.j ( 4 *1*JI 

jji^l^sil ^j^^ jLp j^j IC j-^JLl jLp j| jj^ IB 3 jl^UJI jLp jIj^j JlsILj (VBB >0.7V ) 

j^jjliUl^(^JL^I)^^UjJ^ll Y- Y- Y 

PC = V EC X / c 4j3^L*JLj JjIm^IjoJI !§_ 3 NjSAtl 3jJlSJI U m(~»Q 

(off) « k« 4JL>. 4_ r-Ll<L^=> jjIu_ujJIj^]| J-<^u LaJu^. - ) 



V CE = V cc = 12V 
PC= 12*lju= 12|aW 



I Jl>^ Zjul%.l*2> 3_ijJLlt! 3jJl2j! (jj^~~"»~ '^j'-^J 



(Oil) (J-a^j 4jL>^ ^_ 7-Lu1a^d jjIIx^jIjILJ! (jj)^^j L^JLcv. ~ Y 
IC max = 200mA Lj^Sj J-^j>JI jLp (jj ^n j ^ 

VcE=V C E Sat = 0.3 V 

ZjuL%.u2> 3_ijJLaJu 3jJl2j! 1 j^jl (jj^ajj 

P c = 0.3V*0.200mA=0.06W=60mW 

3jJL-2J| (JJ_^3lJ <i^_p* 4-4U 4-J^lj^J (J_$JlJ| * jlaj < UJ 7-LliA^D (J-^y LoJlJ^. J jTL-f-UJ^J IjlLj 1 (jl_3 (j-t-t-U Lq_4 



.nt. 













jLjj Jl^£. ^j_^=Jj CLcJj-aJI £)_4 CjIj.ujl*JI ^Ij-^1 jjLscUj Vj 0.2V - 0.3 V (j\J La 7-lj^pj Vce Sat f-«-^jT^l ^-^ 



-ir. 













WllSjilJLlI T- Y- T 

jl—AJ ^J-UL_lS ^J-J JLJJu£. ft 2 ^wI/L-L^ J iflluijj 1 \Cu 1 *_£ l^LD J-L-L^ OJft J >-LU->J I (J-C £ LlJlL<_U Z I cijLL^3UCJ ft 



Rl 
39K 



IW 



12" 



RC 
220Q 



IB rb= ikq 



l_(^Yi 



0PR12 




VCC +12V 



EC 237 



4-^L^=lj La jl BC 237 jjIu-ujJIj^j ~ 
0.5W3jJl2j 220Q <39K Q * Ik QoLajLL* <bM3- 

ORB12 a-xjj-l^ i^jlJLc ~ 
( 0.5w ai^o^Ia ijjl ji £L.u*a jf ) CQy 85 j^^f LED ^^U ^cLj ^(Jj - 

jlu-^a^t ^JljuJLI ^j-uL-SJI Sj^jv) (jjz ^JlC ~ 
>-<C<-t-rjL^ 3 ) JuS ) Ju-^_4 — 



-It. 













Elements Testing j^Lull ja*fl t- Y- T 

.U^Lp.>U-> dJLJjL^j 4iljJof jujL?tlJ (LED ^j-Uaii ^cLJI ^jLuJI) jjii^jJIjiJI 

4_UjjuaJI 4-4jLoll (jrtir°\ )~ i~ Y~ V 

R= Q 

Ju£. clljllojjstJLa Jj^-uj (V)j ) 3 j La >i SI I2_ ^U-SJI (>U OJ^ 

9- J) 'Ml 4_4jlJL<3 (^^ic A^li^JI 4-4jL2_4 4 Q < «7l) 9- J) CgaJl 4-4jL2_4 ^J} A^LtaJI 4_4jL2_4 i-U-aJ C-jLloT*. <jJLl^3uCJ - * 

^} = A^LtaJI 4_4jL2_4 ^J| : £.j_UaJI 4-4jL2_4 

J_Sj 4_^jL2JLl 4— <M^ (j) Ju?eJLt-u ) Sj_UJk]| ^_ S^j-^j-tl £)_4 jL-tl/l S^-Ll^V 4-XJj_UaJI 4_4jL2Jll ^^j^-C - 
. 4-lUJw j>_lC S^L-o VI Bjuij 4-xjjjJaJI 4^ajLSJLl (J\j 4j9^taJI <j) (^^ic (J^y IjL&j jIl^d) 

[ 4-jL^VI jUiwI ] ^jjJaJJ 1 Qi^jjlIi 4-XJj-UaJI 4-^jLSJLI 4-^t2 ( -il-ij^ /J-Sj ) : ^QZuduVl 




Ao. 







:^IjJdVi jbjL^jjjiuijjijiJij ( Diodes) oLSlAii ^^^ Y- i- Y- r 

4_4jL2Jll ^j-uLi^ c^C- 4-Sj^iaJI 0jLjfc Jl^Hajj jLtliiwVI Ijl-A ^_ j-uuj\\ jj ^JbL^jJI jILpajVI jL$->- AJustlu-uJ 

. u rn^ittl oL>JVI ^_ SjH^tl <JT ^LaVl oL>JVI 2_ Sj^i^tl 

jIl^dI jM : ^ * A-paLcVl 4_4jL2Juj ^J ' o^=3 *J1 4-4jL2Jll (j-u 4-u_oIJI (jl_3 ^-JL-oJl jjIu-uj^jIjIl!! j _ijj| jJ! f-^J 

j? ^LfiJI 4- PN <JL->j ^ Barrier Voltage j^Uk]I ji^>Jt o-^ (^ i%>LaJl oju* juOjuj 

: (jjjVI JuJu>o ^j^=ucj Jl^j>JI I Jl& <L*_i£ (j^J jjILl^jIjIlJI 
4_ f-^>*XI J Sjt£.LUIj ^cLJI dUju^Dj CjLxjLqU J^jL^aJlj Jjj^M Ij^juuj t^U\\ e-Sljlof JuJu>o - * 

.jji^jiljiJ! 
PN (jjjIjJI) ^LiJ! o^^ ♦ 

jL^>JI 3^.lj^ cujL^d IjLs . ^jjIjlJI 4-jis (j^ ( -*j-<-u^Mj j^^^?l ) ^j-uLlSJI jL^>- ^^-o^ *_^ - Y 
4_ Ui= ^jjI jJI 4->U CT k. o-uLiJl jL^v Lr La^j Jju jujd^ (]) £- Y ) J^u^tl £_ 1^ OL 

Mi- Y ) J^i^,tl 



.m. 













» I f^aj rtjl m) _>jj( JlJI <j? I Jlj* JjLj Llj>2j ( 0.7V <J! 0.5V ) ^j-a S^ljJa jL^>JI u kr f I i| - 1 





0.532 


»<§) 


COM 


S> P 





( v u- r ) j^.mi (iu- r ) j ^^ ti 

fpl-uiA (j^UiJI <j? ^Jl*. I jl^ Jjl_j 0.3v J} 0.2v (j^_j L* rjlj^ jL^^' 3*Lh* c^JL^ I i| - 

(j! J Jlj Lu>2j J^ ( ^ ^*fr>* S^ljJa u Ur ? jf (J^-jl-^jJI ^L^d !§_ ( OL )3?.ljJ3 jLg^JI u Ur ? I jj - "I 

:LED ^j^l £_^>M c^ 1 -* o^^ * 

(j-d ij pi pL 4 2j^laJI ^j ^j LEDs ^jj l^JI pL* J/VI cjI ^LS J ^^ <j-^ st^ M>6 "^ o * 

OL B^ljJa jL^>JI (jr L^Jt T u^ ^L^jVl jl».? 4- " ^ 
j_^ LED oL-^ 3 IM 1.6 V ^ji gaf jl^>* U\y* u t-nnj LED ^ l^j j^M £_^>JI 4- ~ Y 
- L^23 2.5V jul^Vl - L^JS 2.2V JLSj^JI - L^JS 1.8V j^^Vl ) ^ji! ^ ^lt 

.( LjjJD 1.1V *lj^Jl CL^ A^JhbU ^LJI ^L£ - Lj^ 2.7V juuai.Vl 

^L_P* Bjl^lLSJI j *_<^>JLl (^t_j j^L>JI jl-^j>JIj Sjl^lLSJIj ^-cLJI (^t_j j^L>JI jl^j>JI (j^LJa i^^- Jl<£*j 



-IV- 













Base s jlcLUI j^ ^jJ^Vl (j^jlaJI >L^d *_* ^IjJa u^+j l£^' jj^j^IP^' <-*>k - V 

(ho- r ) J^-,Atl 0.654 V o^=^ Jliii lW- cr^ 

^-i^. . Jl-^j>J| Jj5c_<-uj j^2I e-Sj^-LaJI *_a ^j-uLl2j! ^j-ajse^a J-i^jj Sjt£.L2j| *_4 Jjl^jJLI (j-a^>Jj CLcp ~ *\ 

Mo- r J^ ,t,ti ) 0.657V uj^-m„, Jlidt J^ 

C f-*J-I1 >& JJaf S»lj^ p^tj l£^ c^j-LaJl j E d^g-LJI j-Aj-t^jf S»lj^ <_,ktj cjj^l >-3jlaJI - V 





(t>o- nj^.M 



Clio- r)j^AJ 



:(j-UJL>. £- /<ulm )-i£, j lJiju jaTmij-i 1>Hj 1 (ja. 



^=u - A 



^j—^ » i <^a jjp— t-ojJ [pJ La 0.7V 0.4 V (^_ j L_a t-Ij^ilj 5 t_uLsJLl jl_^>JI ^u~a (jl ^ lij 

. a^_uLcj^>J| ^j_a *Jj-^_4 jjIu-uj^JljIuLa 0.3 V _ 0.2 (j\j La /^jIjUj Cjl^s lijj j)J^~~ ' Lj < u 



- ^ 



-■\A. 













O Y~ T) J^ Mttl I2_ 1 o^-i ^j-uL-SJI 3j^^1j 5V j^lL-JLl 3j juLJI j ju-^3 J-a^j ■ ' 

0- r) jjji^Ji^-c.L.LmJij^^ -i 



VBB 


VB 


IB= VB 
IKQ 


VCE 


IC 


LED uu. 















0- r)jjj^ 

? liUL (ojukjua — ijjL±£a) VCE i^-jS -I 
? I jl I (3j-Lt— ^ — Sjjj ^) IC/4 <mj3 c_J 

VBE = VBB - VB = VBE . jl^I < t ^I 

S (V /aaj) Lf£>Sj 0.7V j^L>JI jl^>JI c^jL^ij jl^>JI Ijl& J^ 

Pc = VCE*IC= ^>UJL 

(3>ujl-l^ — o\ u^=2i) 3 ^j S a I J 3jJl2j! J-A 



_o 



(Y- r)jjjL>JI4_ 



VBB 


VB 


1*=™ 

1/CQ 


VCE 


IC 


LED nu 















(y- rjjj^) 













- : JjJu>JI 4- g^i^l (^i^ (ciiliLu jjfc La j) ciJLjllo^Jba J^-u " V 

IjUt (Bj^-lJ l^ — ojuu ^—^ \fC.2 ^T* - j 
? I jl I (3j-Lt— ^ — Sjjj ^=a) IC4 <mj3 - ^ 

VBE = VBB - VB = VBE . J ^\ +^\ - E 

S (V /*ju) Lj^Sj 0.7V J^L>JI ji^>JI ( £>* JSf — lSjU^j " (j^aj^af )jl^>JI Ijl& J^ 

Pc = VCE*IC= ^>UiL 

S ( 3 >l*.l^> — 3\ ll^j) B^jJLaJu 3jJl2j! J_a 
aj U^ti 4 cjLj! u±2*1\ (j\ jj (Y~ Y) JjJl^>JIj - Y) Jjju>JI Ig. pj 111 ^ j4 jjLS^ J->^* ~ A 

. (Y- T) JjJL^I 4- Ojl^l J^uij ^ S^laiJL 1 



^5j-A!l iojUll 5JL> 


VBB 


VB 


IB 


VCE 


IC 


PC 


LED iJU 


fj-LgaJl ^_ 
















r MiiJi^ 

















(T- X ) JjjL^Jl 



. JjJu>JI £>* ^Jjl^iruTn-ul <, (l^n) - ^ 



5 CJJl>. |jLa 







Troubleshooting Stimulated L^d& ulilllj 1 (ftl r*?SI 2buuSj Axa>u J lias) "V- Y- T 

c^L^d j^t£ VCC jju-^JLl jl^>. jf — ljfr<^r >L^j-^ LED qj^-ij o^ : j^>^' JI^aJI 
jLi^. jl^>JIj VCE Jl^>JI o-"^ 5 c^ LED ^^j *J lit L^jjJu jJu-^Jl! jl^>. j) :JU*tl L-al mh^I 
o a j i ^ ^ ^ 4*"! Jlh^ o^-^ 3 'M l^^^j^^ T'j^' LED ^yLi jl^>JI < t <-ujl>>1 *u 220 £2 4-ajLsJll 4-j^ 

.<^A.uujulL LED (J) J! ^_<-a^3LC J-x-^j-^ LED £)) I JlA ^-Ijlx 1.7 V 

3jLx>* i-Lft-uI^ B^Li-bj LED rj tlaJu d^cLJI ^jLuil ?Li»| 4-uj JaJ) 4_ajL2iJ £>£• rj tiaJl uy>- Jii£. ~ Y 

. L^ijjjG ^j^LiioVI I§_ LED Sf- LloJ I Juj ^j ^J-JLuull 4jI Ju ^_ 

B^L^VI J_S^ LED i^^u c-c-^-uj U.4 I j y j:: ^ LED 4- jUI ^LaVl jLpil 6^ : £^£11 J U*ll 

.VCC j Ju-^JLl Jj% J-lLSTlj jf (Jj^t cJu-^JI I§_ (3^-" 1 o^ 

IJ3 jLp-51 ^-^ S-^Lj3 ( t '-y ui j jjP Lu o^\j^^ 4- ( ^ ^j^^* s^-^jSJll (J-^ajI 
oL^VI 4-j 0.7V Jl 0.5V &J* oUL>JVI jl»T 4_ 03^=^ 6^ ^^i t^'i s jt^UJ! o^j ^-cLilj 



.VI. 







Summary AuM^Jt 

^-i^. Jl-^jju Sj^jlLc 4_xJj^^d 4_ajlJLa LJ 4,Ll£>j.4 4_L-tI/ -ilj-d £)-£ ^ii^fl <LajlJLa 4-jjjjuaJI 4-4jL2JU ~ ) 

J-i-Lg»jj 5JL>. 4. (jj^nj Laju^. ^jLUj^i Jh^xj l£^' >* (ideal J liXI) jli^>J1 ^jp^JVI ^-LlUI - Y 
Orr *_La^ 5JL>. IL. ^j ^=au LajLi^j (j-^-*^ **-^j^ lA? jl^>JI) j lqS 3j>jI jl^d J-*^y 6^ S- 4 ^ ON 

(j^jl^ 4_x^ jLi' J*-™'' 4^>LLa 3j*j|_i u-^y cjl 4-*^^ 
:^j 2 1 (J-2j>o Oil/ Oil ^jj^IL^aJI 7-LLL^3 jjIL-ujJ[pJI J-aaj LoJu£. ~ X 

VCE = VCE sat= 0.3V jJjlul j ON J^>j UU 2_ oj^j ^ «V«H 4_akL» 2_ - 
£_^>Jtl jLpj VCE = VCC uj-^Lj J^jOii j off j_L^ UU 2_ uj-^ ^ U5tl ^^> 4- _ 

iJL*. ^_ ^jL^d ^.|j_<-u 4 <^rt V La SjJl^j 4_au 4-j^Ij^j (J-<^*j 4_j1_3 t-LLLc-^s jjIIx^jIjILjI <J-a*j LaJu£. ~ 1 
.(^OJL>Jl ^a y\^=2 £— >J^>* Bj^JLx^ 4_x^ 3 NjSAtl 3jJuiJ! ^jj^=ijj *_La-S 5JL*. ^_ j| (J_u^^j 

^j-^j-j-^1 (VBB ) 3jl^.LSJI ^^J^. jl^>JI (j j ^->j <j! 4-cj>o J-^>j 5JL^ I2_ jjl^jJ[pJI J-^*j ^^^ ~ o 

. 0.7V 
J_^Lj^ P c^_p. ) IC = P * IB iJa^UJI 4_JLl <j jWi V ^LlL^d jjl-^jJIj^il J-^ju LajLi^ - 1 

(j\-* La /^Ij^ilj LED ^jLuJJ j^L>JI jl^j>JIj ^.aLal J_x-^jj ^jl <- r ^>o LED r j tiall d^cLiil ^jLuJI ~ V 

. vl-t-ilU gj«Ml (j^l ^le. jl<CLju j 2.5V fj\ 1 ,7V 

ulaj IjJ 4j*L^I J_S^ 4li^ie_(-u <-u-luj LED ^j-JslJI ^_cLJI 4- jL-U ^^LaVl jLfUl 3^Ljj - A 

.^-aLaVl jLp-JI (j-^ jL?tI(J 3^Ju?e-a 4_ajLS_a ^J-u^sjj 

0.2V ays-Mi„,H 0.7V J! 0.5V o^ L^ ^Ijp^ ^p. N, P ii^yi uru ^UVl j^UJt jl^I 

.^jjljJI ^-a^J Lt^- Lt^^J^' J^-^J^' 4-Sj^laJI ^JuJ AjiicIu-tiJj A^^Laj^cJJ 0.3 V ^J} 

.3 jlcLSJIj *_cj>JLI 



-Vt. 













♦♦♦♦ *t i f 5 

SjL-ilL (^t_j 4j3^L*Jlj i-xjj^^aJI L^ILcjlJLc (_i!j>jJ3 — (J-Sj) A-xjj-juaJ! 4-4jL2Jl! <^£- rj tiaJl oajJa < oj ~ ^ 

JU ^=au 7-Lliit *£-jJ& (j\-s Jl-^>JI ^jLb ^J-LLgajj 4-JL>. !§_ ^j^^au LaJu£. Jli^JI ^jg^It^aJVI 7-Lli.U - Y 
IjLxjjj^j) 4_j3 jUI jLUI gj^J Off g-^S SJLx 4- UJ^J ^^^-J ( IjLxj^*-*^ _ IjLxj h^) 

( La^Sj jfi*s~> — 

(x)jf(V) t ^- v 

|ji>. Ij-Lt-^ 4_i3 jUI jLpJI <jj-2 Off *_laj3 5JL>. Ig_ 7-h<i o ^=3 jjl^ujJtjILll J-<^su LaJu£. - ^ 

IJl^j^JLx^ J-^J 0.3 V LajJij CJJN^J-u^jjJl 4JL*. jjIIx^jIjIl!! *-lluj Jl^jv ~ Y 

.4j^.Ll^} 3 Jui -i)-ij^ LED r j tiaJJ vl^cLJI ^jLuJI (j^ie-cuj Ju£. ~ V 

. Sj^-l^d ^J^ -^^ri ^*-^ T-LLi^-^3 jjllx^j^ljlu! <J-a*j LoJu£. ~ £ 

- : jllSm iii^Vi^ca>.T (n- r) j^^,ti4. - ^ 

ON J-l^jj 5JL>. IL. jjTll^jIjIlJI (J^=xj Laju^. IC jLpJI <-/ m<^1 - ^ 
. OFF jJaS UU 4- jjWpjpJI o^=? I^J^ VCE ji4^JI lc^I - Y 

vcc 




CE 



ov r)j- 



.vr. 













Car Battery & Generator Tester SjUuJl ^^j>*^j^« 

SjLa-ujJI J-^LJj^J 4-JjLLaJ 4_JL>. jLJjl5fcla SjLa-<-uJ1 4-JjLLaJj j-dLJj_i j^-jJlica ( W~ V ) J*^ lIlI! ^_ Sj^IjlJi 
4-1L*. (^-^C- L-Sj^JuJl <jJLt^=uc_JJ SjLa-ujJI LcVj ^jL^3uC ^_ Bj^Jl JlJI ^J-LjL^jJ ^Hj . 4ju^_<_uJ 4 ^j < oJ iJL^LaJ 
L^jIjJLj Sj^jI JlJI (^-i^. 4-Cj-A-bjJtl B^Ll^VI CjLJ-u-4 4-julLc J^Liw ^j_^a ^y^s—uA) Sj^-Jl^j j-^ujJlJ|j 4-jjLLa_JI 
3jJl^ j J uz\ L^^LlL^I aJlCJ I^jcI Jlitlu-ul icj^^-uj 4Jj^ < oJ Sj^Jl Jul j>_l^1u .SjLu-oJl ^_ (j-aJL>* CLiJiJ 4 a H V 1 1 
CjLjjLLaj ^j_4 (^JljlIj (jp-Jl CjIjL-uJI ^_ (to ^ Sjul JlJI 0Jl& J-<^aj . SjLu-oll 4jjLLaj ^j-^ AjJljuJI ^tH^ W" 

. ClJ^^ Y SjJlS JL£>. oli 
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Jrhf- 4 ' ' e^-* 
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jL>-j^a 



Dl 



2SC945 j? C 18 15 jjWp!>3 Q1,Q2 
cJij^ ) ) j-yij ^^j-* Z2 

CjLcjJlLo - 
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J < *ajJ ( ^j-oj-HI (J^l-i clajJuiaJLl ^JulII c-SjJ^JI ) (joL.tJLqJLl e-JL-aJl cbjJ^JI <jl j ic^j-UJLl Sj.51 Jilt c-xj^jJLI 
CjI^jj! Jul S^L-oJ ifo«»»Vj SjLluJi icVj (J^sta ^j-aj-2JL! ( . a^3pj <Jb . J-JLuijJj 3j^L>* 3ju*l Jul Q^^aJ (J*lj 

. Low Battery Sjjiu ; ti < ;^,^ ^jk c^JLIi jj ( u a LED3 *LbT lij - f 

Ok ZjjAui His* 4- j-aLi^lj ^ujlUjfl <jl ^j^l dlfc J_> c « La SJa LED2 ^L^f lij - cu 

. Over Charge 4ujU^ii I jtflj Lb^i ciJLL^ <j? ^k. cdJi J^ LED3,LED2 *L*? - ^ 
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1:1 r| I Jl 
npn transistor 

r i-r^>J->--"H 



(18-3) tM 

j^j^LED ^.^it^-^LJijLpJi jb/miM^-MjOr- r ) j^^aji i^LJi iA»*ji s^sijJi 4. 
^_p. LAJ s^LisVl 4- c^--*-" u s^l jJI <>juk J jiiei^l tiL^Mjj j fl ~ , „ a jLpj <_L**j ( Relay) 12v 
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5JL>. IL.J 4JHSjf (^jJI ^IjVl ^jj-lujo aLs? ( \) 4_^Mc j-^j-j ^L-taj c^'^' ^-u-SlJI 1 jla JU^dI SUmJjj 




SuL^jJI cJLSjI J.A 


JO^LlJuI 


li^-. 


ljj}^ 
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>^ 










4_lL^1 3j^I^ (J\ AJjiaJJI Sj^ljJI Jj[^>0 ~ ) 



jjjJtl 3jlt.Lujl<u v£)J^( -^Lst-j (3jjU"lt JjII j^ jf Luj^ i^ ^ ^^^' CujL^d til t A^-tuJt 
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J( bll 


t C^ ) i_Cl\ ! (\-LAl ! 


- C~v 




V : Y ) : 4JjL>JLl ^j MJ^' c*^J 




^ « « 7Tt \ \ 2 ^ s \ 


4-jjl j'tl i^jjJI 


^ < < £~ 1 1 Njr< 




Y- 
Y- 
Y- 
Y- 

Y- 


4jUr Sj^'-* (Ji AJjiaJJI Bj^ljJI Jj[3^>0 ~ ) 

j^^LLslJI JIjljIujIj ciJL^j aUJ - Y 
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£>*^*ll 
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uU^dU 



-VA- 




4-pJJL 



-J-J1 



cvufio lhiiplllq cvinll pilnlll nnlnllniiimr|Qll 
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^> 



(S)luSJ&\"tf>jj 



A o P> (tl J 4 ol^UI j^i£. SjJuLj! j^L^ 



(jjJ-^-U c_ujJl1I!j ^* all *i-djLiU <LaL*J! inn dj^JJ 4 lo j a "*■ a J)j " "" " f-i-* 3 "- 








t^^ IjjlS t-JjJuJLl QJ^nj SjLx^JI oJufc £>* ^L^uVI Juu ;t£jJLAVj 
. SjJlSJI jJul^_4 Jj^ljwC £h<3 5JL>.jw<a J^s Jlsu 7:jJkJ| Jl^j*. <j-"Lf^ " 

J (j"w C^C- (J-^^> J^H J*^*^ J^^ 3 jL&LxiuCj j^LujlU 7:j^>JI Jl-^jvj J_^>JI jLp c/t-J 4-3^1aJI (<*-<-" J " 



*J 



JLjJUjLjJ MO <jL2jI i_^ Jl VJ^' J^yO^ UilWUlAltfjltfl^ 



<£. 



L*n : uJ)dIU^UlC(^l 



aL>J 3 Jlc - Y 
c-jj^^—i f-oj-Ln-ojVl jL^j^j ^j-uLl2j! Sj^^I a I jLJtTn-ol (jLSjj ~ ) 

A^jLUL>ii\ 4-^j-^JJ 4 La < njHU 3 ^.lSJIj iJLjuaJI 4 ^.lSJIj ^ giajtJl 4 ^lSJI (J-U A^^IaJI c-JjJllII <L3j^*-4 ~ Y 



-VS. 







AtduLt 

. J-^JU ^^=J 1JC/ j-<C<-LrjL^ 

£)-4 j^i^aJI LJ (^t-5lj aj^jIIlJI jI 4-^L>JI cjLjjLU_JI (3^^!^ ^j-c Laj j^^L-JLl jLpJI (^c- (J j < ^ >«J 1 o ^=* <i jj 

^^JLc Jju I Jl&j (L/L/)j^L-4jl^ jLj <J j (AL/)^^pJLl jLp-JI Jjj?fcI<J 4liw| Ju SjJl^ jju-^a 3j*jI_^ (jj$ -^-ip-4 jLj 

. SjJl2j! j_iL-^_4 j*JlJ_i 4 jq frl 

. J iqIIaaUO ' >^j J^3 2-i>AjC >-l^Luu ptX'^ ^J^ 1 ^ jJbL^a /—jUJI ~~ 

5JL>.jw<a J^3 (J-^-C- JlaLlujJj (Jj2 I < ^ t^aJI ^_ Lj-taj C<-<-oj.S La 4j?s-^ ^j-4 Jl^dGjJ c_jj^3l^-ujJL-uj 2 1 (^^ic 7:j*JkJ| 
j^_Cj ^-kaJJLI 3jJl_2j! jJ ts^iA ?.\l\ (j-t-J 4-jjLLc fj *c ill l^a 3J 3 Jlj^jjI 4-jL^J ^-J t SjJlJLj! jJ ts*tA J-j>wljw<3 ^j_^ 

.4JL>wj^a (J-^3 (J-^^- 4ij^LXj 4JLvjw<a (J-^3 Jlju CJljLi 2! (^-<-"j ^-^ 3jJl^ jA *s*a ^U u4- d (^-<-"J " 

. 4_<-uLj3 4 j^j^^J 7^j-<C<jI 3 jL^Liuc - ' 

. Jl^j>J| ^-kiJLc 3j^!^j^jG 3jL^Liuc - ' 

. 3jJuiJl jju-^-^ 3j.jI^ J j a Ij JlJ^l L^jLcIj^c c-c^IjJI 4-j-<_uL-u2| Jlc.Ij.SJI 4-^jlx -^ 

4^ajLJtT(-ujLU i-Uj^IL^aJV! jwI^LljlJI ^-^jLl^^ ^j-uL-2J I Jl>. 3jLtiLaj 4 ^>j < uj 4-JU^. ^jJjL^j tiJJ aJlSJ-<-u tiJujL^Dj 













Peak (Maximum) Value (SjjJlII) er ^jtJI ^U-lUI - ^ 

j^-kaj) (VPi-^-SJI Jl^->. ) SjjJlJL) Lt^aJ! ^-^-<-ujj S^^pJLl 4jjjJl!I 4-^*J-tl L&<Jj J-<-^ 4jfc-»J 4-<mj3 ^ c^l 

4-^j^a ^j^. BjLul (^ _ 1) J^ fill 



v(t 

Vmax= VP 



* t 




rms Value L^j\ ^^j Effective Value SJbuill 4,^2] I - 

4-^_l2JIj V rms 4JLjuUI 4_*_till (>t_) 4-^^LslJIj rmS 4JLjl2 4 oj^^ o-"^ ^-^P* -*-*p-^' J^-P^ (J^W^* <jr^ 

. 4-i_L : ^>* ^^J-t Vp ^j <j H* H 



.^-ajJI ^j-cl£J ^_ 



Vrms = — ^ = 0.707 vp 

Average Value (DC) iWujitl l^2i\ 
2vp 



- r 



VDC = 



n 



0.636 vp 



Rectifier Bridge aj^ZxJI ijWfo 

(c-jY- 1) J^irMl 



- £ 




( M \-£) Jlill 




(l\-£) JL41I 



-AV 













The Peak Inverse Voltage PIV M<^»tl (^U2i!) BjjjJI j^>. - o 



DC Power Supply j^ic^i Sj jus j,i^ 

(^JlJI jL^j>J! (jj-^C J^jju L^J^Ll^sj SjJlJiJI j^Ll^c p j <a < ^»~j ^LjJj^L^aJzl Sj^-^J^Vl ^J-Lt-LujJ 4-)jJLLa-tl 



- 1 



. 4j.Lt.LUJJ A Q 7Tt ( H 



Voltage Regulation Factor ji^>JI ^-tkja JaLla - V 

J— dlj==3 tl J— <^>JI lL-jlC £-j^>JI JL-^v 4_<m^J SjJlJLJI j J t<^[ ^j^JkJI J Qy ^-j^Ju-JI (^L_J 4-L-Lalll j_& 



V, 



FL 



VDC 



Jaa Jj^j ^^C lie JfaJt VNL 
J*t£ Jaa Jj^j ijC- JfaJt VFL 




>► IDC 



RL=oo 



RL= min 



SjJl-SJI jJ ts^iA (jLj= jJl-l^> L^JL^sj SjJl-SJI jJ ts>& ^-*'J ^J-^ (jt^- (J^ VR/o Jl^j>JI ^jfc m J-^Ljuc 



77 = — *100 

Pi 



Rectification Efficiency 7 ^ ) ^ZlII ^U^ - A 

(JiwJiJI JllC j^jjlLII jLp-JI ^jJ^ (Ji TTJ*^' Ju^. j^TluJLI jLflJI ^jJ^ 4-lloJ 



-At. 













Ripple 2>oiJI - A 



V min_ 




Av = Vrp-p 



Integrated Circuit IC *iol <=-,-. t, I s^l jdl - 1 



-Af- 













(4^!j^3jd£l!jJL^- t 



Unregulated Power Supply 







am 



i' 1' \i \ 
L-LJ-L-fc, 



V 



Voltage transformer 



Rectifier 



filtering 



(V-£) Jiil! 



:Transformer Jj^oJI S1x>a - ) 

.ij^iUJLl i^tiil (-.cuirw -i-^l^ jl^v Jj 1 10/220V ^-^>ltl daJKJl jl^v Jj^; J^ti] L j^\J>» J^^* 

: Rectifier *u>£l]| ii^* - Y 

4 jl^i f <ij 4_La_2j (^J (JJJ5C-4 *_4 (jLuLu a JiicIu-uJ 4JL<aL^D ^^J-^ (^>^ (J-^^J 4 P^ C^L9"^ <-->Lj->u3 ^c 3jLl£. 

: Filtering (^ipJI) ^uHI aI^^a - X 

j /^— »Vi /^.ljiJjJi j^Ij^j 3jJl-2J! jJul^c S^Li^s _}Ju>iJ (^p-Jt L^~^J ^ Ah4-A J^ Laj ^.tJLuJl j^j|j_i ^-<^jl^jj 

. 71 J^—' uu (j?^- c ^'^~^ A — 4-4jL2-4 — < 2l1^=3 * O-lv-C^ Lai jLJtTn-ol 



-At. 













. p ka 2 fl j j C *J^ jJLua.a 3^_jI.S 7c-«i3^J (l - i) J^~ a "■'' 




• * 



( £-£ ) JiS G 

1 AjUUI 220 V- 18V j^JJ^UJ^ - 1 

1N5625 1 j^l^-^j w jl (^3^ cjIjl^j.^ 1 jl (^13-Sj Bj^laJLa ~ Y 

50V/100//F ^Uj^ . ^^na Y jjm - 50V /10//F ^L^m^d . ^.^ « Y j jul - r 

Rl: 100Q-1W i^uu- r 

RL : 5^TQ Sj^JlLc i^jlJLc - 1 



.ho. 













: J>>Jt! o^^a ^- T- ^- i 

(JjLJ ajI 4-^L$-> VLc j! ajI j^jLx^ S^lj^Jl CxJL^s Ijj (Jjj^I CjLiLa 4-4jL2_4 ^j-uLi^ JulC .^J^M CjI^ M<r _}jJl>* 

Q :^j|jujVI < h\[\ ^jLLc ^j-uLi^ Jj?c_<-u ~ 

Q t^jjuJI < h\X\ 4-4jL2-4 ^j-uLi^ (J^ 6 -^ ~ 

(Jt C l^- i 2]1 (J^J (Jjl^ ~ 

j^LoU 4-cS^l - 

:^jj-SjJI Sj t*> ?*> (j^^^ Y~ T~ ^~ £ 

^L ^s I2_vJ1^ S^ljJa ^ U*T<* Sj^-LaJ-SJJ ^^pJLl JJwJlJI IL_^_U *_a ^j^l -lSJI jl $y (Jju^la IL-j^-U J_^j ~ 

(?0- 1) J^uUl Cr^l^V! 

♦ a (- ) Sj^-LaJ-SJI <— 3j*ls ^J-u^jjj (COM) (j-uLtliJl jL^->- ^-c^jl *_a ( + ) 3j^LaJ-2JI <— 3j*ls (J-u^sjj Ju£. ~ 

(c_jO- £ ) J^^tl IV Jlj*. j^ u Utj o-uLi2JI jU^J j^^l i^jJall 

(^0- £) J^ uJl OL Ur Laju CjLo,-vX1 c^IjJo? (j-o^aLi: Ju£. - 
.iiJlj SjJ^HJLs dUij^L CjUIjJLJI r^Ur ? I jj - 
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(o-i)JiAM 
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^ — • * 



RL=5KQ 



( V£) JL5 



G 



7?L = 5/TQ 3 <m^j^=>1 ^^ RL ^uajLltl i^-jS iUj^I - ^ 

.^A ? ±3 4-La.SJul (J-u) (Jjj?c-<Ju (^jjuJI < al\\ 2-jlz £j\i ^JjVl BLuiJ! (jr uis^ji (J-*-^J (^3 

. ( r 5 Cj 4-U_SJj| ) J-^>JI 4-^Is dr^ <LuliJI sLliil ^^-o^*^ J_a^jj 
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-> t 



-► t 



-AV- 













Vp= SjLiVI **-. 

/= ^' 

S ^jj-2jj! Juu SjLiVI 4ju-u Ccia I jLt 



V DC = V 



<VDC = 



2vp 



n 



fj) A^ejua Qjz Jl^dG) 



Vdc j^iuJll ^>JI jl^iiwV c-jj^i rr.^L-ujVl ^^JLl AC Coupling o'j^l f-^j ajl^i^I 



r = ^^xl00. 



V 



DC 



\ojuLi^=D ct^j 48 /b (^jL-oj LijjJD 4-^-t2Jl ^jla) 

(J-^JSnJ! 4_4jL2_4 ^_jJs (^t_) ^-j^JkJI J (j"*» (j-O-tiLd jIu^JJ^ JL^J^J J ^.ujL>J 1 £yA Z Ju jILpal jW^ Lr^^J ~ ^ 
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FL" 



: Vxv JL^J>J1 Ajlajj (JjaL«js t— ll ma»~ ) ' 
j -qZu-aX I r-jJ^J! Jl^>- (_>*l3 (J-ft^- -i_^>-J t*^^ tjL * £r 

V NL = 

jrjJ»JI jl^s. (j-oS (I L =60mA) J^L^= J^a. jLkL 



:4j3^L*JLj JL^jsJI p j ka '"' (J^abta c_cucxl 



V -V 
y R= _Zk £L*100 



d =C 2 = 10//F/50V c^x 




/?1 = 100Q 



( V-£) J£^ 



: J^j>- A^J t*^ - tjL ^ Cr ~~ ' 
( IL = 1 RL = GO ) J-*a- -ija-j aJLc 4_JL>- £_ ipLmLlLlI ^j^fL-u J&Jlc J j («yl\ J'^'^t - ^ 

tj^-j ) (^2 < rt"(^-iU ^^ j-Cu-u-U ^>>JI ^-4^ o-"^ VDC rjju (jyl^. EVM ^^^j jJLu^i!^ *1 jurdu-uLi - Y 

(Y- l)jj t r ti 4 ^L^l J r ... (G,F jrOk^l 

(Y- 1) Jjju>JI I§_ 4-^j.SJI J^e-<-uj ^4^-" J^ A fu-ujl " 1 













J-$->. ^jj^j 5JL*. ^_ - c-j 



( jju\ jus!) Jjse t-uj V (J o">Jl 4 ajlJLc ^ lr j^d <-4jl1I J 6^^' O-"' :H" 4-^L 



_kiJ1 



J> 



_£=- Y 



(Y- i)JjJL>JI4. 

.(JjJu>Jl ^-^j-uL-SJI 4-^l2 (Jjstu-uJ V r p_p 7^J-<C<JI J^-^ o-^ J (^~ ^'(Jj^? 1 ^ 



J-^v j^>j 5JU- 4- 


500 Q j*». .^j4- 


DC 

V° 


ripple ^uJ! 


DC 

mA 


DC 

Vo 


ripple ^^oil 




Vrp-p 




Vrp-p 

















(X-i) Jj^=Jl 



•' Vi^-. 1 1 4^l3 S^LjJjjjG 



(r- 



100// F /50V U^ia J^= 4. oj ift^-i <nj Ci, C 2 gl <?i^-. U J jul^l 

£) (J_jJu>JI £_ (— )l --.Ij^tt ^sk-lmj (J-*^» -iJ^J aJi£. 4-JLv '£- <— iljIa^Jl JL£.I 



Y 
Y 












(V- £) Jjji^il 4-^L^W^' J^-^i RL 500 oj^ti sj^j^/i^jjU^ti .j,^; .i^f - £ 



J-^v j^>j 5JU- 4- 


500 q J*^ ^jl 


DC 

V° 


ripple ^uJI 


DC 

mA 


DC 

Vo 


ripple jrj^aJ! 




Vrp-p 




Vrp-p 

















(T-t ) Jj^J 

4>^J 4r Lt^J-^' J^ M<tl *_a 7c^_<ipJI 3j^l_i -5j->^J aJl^. 4_JL>. !§_ £-j_*Hi] ^^^jJLl J^ M(tl jrU (jjlS - ^ 

(T- £ ) Jjj^JI 4. £j-£i] ^jJLI J^ At! ^ (Y- i )J_jju>J! ^j-^lJ ^.jJLI <J^=_JJ1 ^jLl« - Y 

C=\0jU f baju£. ^J^ltl J-aL*-a (.iiorwl ~ V 

r = ^zZ*ioo= 

r = 

( 4jL>*V| jlo*!) 3jJl2J! jA *s*a (3_ijj*. aJlc — 3_ijj>0 







SjJUJI jJL^g fcu yaJ JLls LpUlj^ u^ljil ^ U iqll uljblsVI 0- ^- t 

. r % jrj^aJi j^L^j VR% ^n ti J^U aj^xi i^jai - r 

: ^21^3 lt^J 3jJl2JI jjLLga^c ^_ 4->ajL?cIL<-ail jul^LulLj J-^rtjJ! i^Jua _}Ju>iJ <ji <-;-^>iJ (^-^> 0Jl& (^^i^. ^-Lbj 

4 fljrtll £)_4 1 ..Z (^jLcuJ JwI^LLjuJ 4-_dju2Jl 4_^_l2j| ^jj_^=iJ (j) <- r ^>0 4-JU^u! j^ljju! rtjfl t^aJ JulC aLC *^j>*^ 

. 4-JjJLLJJ 

J^JLl ^U^ ^ - 0- ^ - £ 

.(^JJLlJI ( rtl <\\\ ?7jJk]| Jl^->. (^1 (Jj^?fcI<JI 4-U.gJ ~ Y 

.jLpJI ciJJjL^j 3jJuiJl jJu-^JLl TTj^ ^J^ (^ t^a^l £>£- ^(J /O 4-u-oIj Jjjst^U 7TJ^>^1 ^J^ ^£p O' S- 4 -?^ J 

:4JJ^M aIMjlJI (3^>iJ J^cUi (^jjliJI 

^ui^j S^Sb ^Ijiiel^l oj^ V£>C = 0.9Vrms(.9VAC) 
7c_tij^a Sj^Ij aI jiitlxJ ju^. VDC = ^/2Vrms 

VAC ^-Jl-l^J^il 



.*r. 







^jj-SUJI 3j^l J ^ajLua^ Y~ 1~ 0- 1 

Current Durability ^Loil 4JU^ jLp u «^f - Y 
PIV = 2Vm ^UiJ! <iU^b ,„ ^ r 

^j>> A 4. / ^ 77 >S* Jl^>j ui^a TT)^ J*-~ ^>*L>«-J I J^t^. (^-jjLlLj ^jq-Sjj) AjLJtlLujj - i 

4jl^ m)J 4_La-2j (^i (JJ-J^ ?7L-IL>iJ Z ( ^JJ_Sj I j LaJLa J I ) CjLjJUJ 4-^JUjI a| jLJtT(_ t-oL ^JJ_2jJ| 3j^_>|_i ^_~ 

PIV = Vm ^LuJI 4JU*^j u »Ar j^ u r^fj 
c_jjjJLl *-* ciLta ^ji^Lj S (liU) (j^irtVUI 

T^LtipJl 3j>5b X~ 0~ )~ i 

\-<£(-u±a \ $y- /— -LC J 9_jL^seJJ (jl ^— a * * ' jJl-Sj 3\ u ^^-^ ?c-4_JImIl5! CjI £i^3 * 4_t_i_u Qo^aj £)) J < ^ a j ALC ^^^^ 

2Vm oj^-ii LJU^jVm ^jL-oj J^Vl ^^ < ^ll j^^s ^j-^-UI £*_lH1 qj^i o^ s-^! ~ ^ 

0.24 
7rj^lJt J-aL*-t ij^Xi 4_LialH r j (J-^L^aJI J-^>JI) J-*->JI i^jLll ^u-t^ jJl^I RL cL_o^ C min = — — 



.^r. 







Summary ^^1 

DC j <r< i u ^ jLp J) AC jj>m jLliJI Jj^IS SjJt j ^ Power Supply i-jjiiiJ! jjl^* s jl^j - ^ 

4-JjJLLaJL! A q-lSju A\^/ ^JJ AC/ ^)-^ (Jj^^ (J-^L>- (Jj^st^3 ^)-C 3jLl£. Jjjj>iJ 4JL*.jw<3 ~ 1 
. Lbu j^^L-oil Jl^j>J| (^jlu-tjuC (^^iC JaM_>iJJ j^^L-oi! Jl^j>J| ^_ oL>*j^jjI (JJ-Sj ( 7c-LtTuj>j) ^-LjLujI 4JL*.jw<3 ~ 77 

.?7^>J| 3jJl^ Jul3 ^J-JLSjJ ^j^~"" 1 3 * La (JjM AjjjuJI CjLiitl 4-djlJL<3 ^jj^aij £))" 

.3jlj^>Jl 4-^J-^ — (^L^f jLp Jl£>- u tsifo] — PI V ^ m^C, 



BLclj^c S-^^J Q ^--^ ^j ^4^ ^J^ 1 -^ J ' '^* (^ *^*J I Jl-Aj t^j^jJI (J^Sj ^-LtTopJl CjLalL^auc iju-u dOlj Lu 



^ ~ 



^J J ^ L^^ (Jj^ 36 - 4 ^ L^ShLlu ^jj-2jJ! JjL^aj j^t-L^s (J-a^^ jLajj j>-Lt-<.^> ^4^>«-t ?rLL>ij 

.7TjJk]| Jl^v 4_ 7TJ-^lJI -il-ij^ (RL J-Sj LaJu£.) J-<^>«JI jLp o^Ljj Ju^. " V 

(J-LOT*. 1 3jJl2j! jJUL^-^ ^JL^D 



Tr—LtTo^J (JjJu ?7^>J! Jl^J>^ ^j^^aJJ Lai jLJtTn-ol jIl^sV! j-A iLcL^s ^^J-a (^>^ 



- <\ 



y DC = 0.636V P » 0.9yrm* 



VDC*Vm = lAUVrms 



.<\t. 







220v 
60H 









VDC=20V j.Clu^ ^ jl^. - ^ 
RL=200 Q Ujl^ (J-*L^=J1 J^JI jLp) J^* jLu ^±\ -t 

Z.5 /O 7TJ-4J J-aLa-4 -' 




• * 



( A_£) J&> 



Vac Jj^-^i aj^jIilJI cjLlUI C3 JLl c-jjIUU jl^>JI i*.^ u * r^l - ^ 



- Y 
480//F 



20 

V2 

Sol oli^=z\\ CjLL^Ij.^ ^* La 

0.24 

u ^ r j? j? r 2.5*200 

40V < ait^=3 U jl^>. oj?^j o' J ' ^ ^ J 
V7P = Vm = 20V 

.500 mA j-^f jj^ j ? '.— '"''^' '"-" J^" n j'j" 













ajljuuu) (J-J-S 7rw>ij! (J-^^ '"' (^— <-")> 4^*jIL^jC 2 ^v-il-i 7c_j—l^ 






. ^j^s I (J^=3 M<il ^_ 1 o^^ ^^J-^ ( ^ '^ > C^dL9"^ O-^* *L)H^ Pv>^^' OJ)^~~^ + 



18.6v 





S 20V ^ Vju 18.6V ^^IjUii! jl^. ^_ cU^^ o jl^ liU - V 

1.4V = 2*0.7V Lu^sU^r j^UJI 

. (^JaJ(J ciJlJ-A (JJ)^"^J (J-J (^^' (J^^ Mill ^— 1 fl*^ 77J-^JJI .ilj>J»JJ ^ f ^» J ) J^J-UxX 1 ?7^>iJl JL^JV (JJ^=L-4-<-U 



18.6v 







S (— f-LLfjJLa . 7cJLl^j V 



^j-^ I jl-Aj 1 .4 V ^J}j_^ (^-xjLuJJ j^L>JI jl^j>JI (^jL-uj J^L^ Jl^->. 1 $Ac j 3 <L ^jj-SjJI 3jU^ <j V c-t-u-oil 



■SI. 













♦♦♦♦ n^ 5 

tfliid 1 ALuyt 
i ♦♦♦♦ 

a a a £)_a p ka II, 1 > < C SjJuLjI jJbLga^a ^jq^juj - ' 

oj^tjrritlciLSL&lj^UJl Jl^JIj *L^PIVj^i^ -V 



^L 



-j (^-xjLu a| Justlu-uLj iLaL^D 4-^J-^ (*h^>^ iJL^ 4r P1V (J-^>^ ^^ u '^' " 



(2Vm-Vm-4Vm) 

(2Vm-Vm-4Vm) j^ ^j>Sj 3jU;*> a I ju^lJ jo^l PIV J^>o jl^^ u «^f -^ 
?7j-^jJI (j^^y V — JJL — .iljij^) J-$j>J1 4-^jLLc J_Sj Lcju^. ^j^JSjJI Sj-SI-i 4r " 

(240 Hz - 120 Hz - 60 Hz) ^jL-uj SjU^lt Ripple Frequency ^oit jjp -° 
(0.2V -1.4V -0.7V) 

( (JLc jLp (JL^- ^-4^?- ) Tr^l^ 1 - 1 Lr"' ' *.!.' '-"*"'" 4- (*^3-^J c/4^LJJ 

j>j^>j aJlc 4JU> 4- 1 5V j «'. , ,1 « ^p. jl^>> c-ijlkJll (jl^p I jl C\- 1) J^iAtLjJ^I S^SIjJI 4-- ^ 

Dl : (IL=0) J^x 




220 v 



(!-£) cPl 



.^v. 













(6V- 10V- 15V)4^liiloUUI jl^o^^o^^^- T 

(12V-30V-20V)PIV^LQiJ U M^r j^^^f- M 

(30V- 15V- 10V)f^loU^t^l jl^I - ^ 



C/l < dli^a U ^ j i^a]a CJjJl>. Ju£. CJju>o liLa - V 



.i^jILLc Sj-SI-i tc_u^> 1j C/j < au^=2 tl ^_ ( r Ur CjjJl>. jJlc J-$j>JI 4-4jL2_4 ^ic 7:jJkJ| J^—> mi (<u-ujl ~ 1 



7?L = 500Q Laju^. 4% Sjjub ^jxj ^^ Jj^^JLl i-u-uLitl Ci ^UjS La - 

Lr^dL9 *"^i3tJ^l ( ^'^~^ U 5ju-u 3_iu^j -' 





1 



.^A. 













Regulated Power Supply (^UUjJ^lljJL^a Y- t 



.JL^I^^a^UVl^L^h- Y- t 

j^^Lcoil Jl^j>JI ^_j^lJu Jj LS-*JhJ J-^* 1 -^ J'-Pj'^*^ O' "^^J OoJajtXl J^-) 4-ajL-oJl 3jJlSJI jJu-^3 3j*j|_i ^_ 

.Sj^^M olut J-<^. IL. lj/<^ 

j^^Lcail 4-JjuuJI Jl-^J^ (j^Ju) tcj^jG (jl_3 4-JbLqj Jl 4_l^jSj 4JLcL^=lL<3 j*JlJ_i c^C- L^J-^* Lr^'J ^>^J ^«!J 

Sj^j^ 2I *-£*->- (J 1-3 <_-<_u_aJl I JwJj ^4*-^ (*^ uJl ^' ^^ j^J-uxXI 4jJljuJI Jl^->. (JJ^^J O' 4"^^ <^J-JjJj < ^LcL^d 
. Jl^j>J| C-c-ujj ^-LkaJuJ i-L^Li* j*Jlj_i L^J 3jJ^ jSLuus (jj^- (^£jIL>iJ aUjJl>J! 4-4JJ^IL^3lJV! 





+ 


(Q Lka (J 


IL 




t 

Vi 

1 


t ■ 

VO 

i 


JL 
T 


_ 







RL 



() ♦ -£) jLill 

jl^JIj^Ju Jl^jjj^piJI J^I^jJM- )~ Y- £ 

J_J 220V JlIc LbLj <JJ ^3J V JJpJLl J-AiJLi ^^ L)|-^ LJUa^ 4 -i-i>UI 4-J JUlUI J-a1c JL^>- ?^j^ ■ ' 

.^IjVI j^jlLu-u ^LjJLjj j^Iu-JlI Jl^>JI ^Ic j!ijj L^-4 J-^>JI jLu IL. 

^JlA j^pG ^J-ilSlu 4-illL?e^ ^&>* CjIj^J^Ia (^^ic aUjJl>J| 3j^j>^ 21 (^jIL>iJ 4-SjL_a]| J-^ljJLil ^J-JLSjJj 













J-^kjI £_* (^jl>3 ^uJ^jiJI j t^)c qj^ij ^p* Parallel Regulator ^jl>3 jl^>* ^jkn - f 

j^^nVl >^j lU^I £-* ^I^j pjt^ntl ji^ir oj^-tj d-p- Series Regulator ^I^j ji^ ^j^n- c_j 



: c£jl>S Jl^JI ^jt^H ) - X~ Y~ £ 

. ())- i )j^=a Miti 4- U-^3 j^^ji *-* (^ji^j jjjjji J-^jj pfrtUi Ijl^ 4- 

RS 



* 1 



Z)r 



Vi 



T 

~r- 



Vz I 



* I 



* 



Vo 



■Lv 



/ 



Rt 



jJjjJI ^jLuJ 4-jlaJI CjLLl^IjJlI AjSjjus <-;-t->iJ jJjjJI ^^lJu a I jLJtTn-ulj (^jl^J Jl^j>J! ^-taJLc 3j*Jl-i p J ^ t^aJ Ju£.J 

: Ji* 4Jt£. ^aL* cjL^L*-* Ur Uju (Pllj (Data Sheet) oLL-JI Jjl j^ ^ 

VzjjypljL^I ^ - ^ 

Pz max Ur 5 £>*-<-^ SjO^ ^LaSf - Y 

. (ajVI CjIj M<r -ijJL^ 4- 3 j^jlx^> i>ajlJL<a (^-&j) V Z jJjjJLJ A-^aucLbjJI 4^c^LS-tl ~ X 

^j-^a 4-jLLrjL^. ^j_^=ucj j jLpJI I Jl-A ^ Laju V oLjLliJ! (Jjl J^ O^^J ^Z max 4_j 7-j^-<-tju<a jLp (^-uz£\ ~ 

Pzmax ^ 
7zmax = :<l3>Lsl!! 







^jijUjI ^jl^> m uajj^uLi Y~ \~ Y~ £ 

(jjypt J^J 2V ^ JSVI ^ )Vi >V Z o^ 6^ v^! ^ 
(Vo=Vz) Vz jJjjJI j^>* ijjLun V ^kUl j:j^( J^ -^ 

.jJjjJI t rthj V^ IZmaX 4j rj4^ jLu u <^f jJjjJI 4-J^' J^' ci^^ ^ V^ "^ 
L^jjL^iw L^j ^j.<^crjL4 5-^-lS ^jl^Si 4_x^ jLl' J4p-^' JJ'^-y O ' L)-^ J^i3^' ^^^^ J4H^ 3^ Jl?c-4 XvS 4-4jL2Jll - £ 

:4j3^1aJI £)-4 4-^jLSJLl 0juj 4-^3 (Jjbl C-J LujL*. ^j ^— I gJ J IL = ^JJ^3lJ L<3ju£. 

V/max-Vz 
h max 

V/min-Vz 
7? max = 

max 

j^Jjj jLu (J-2j 1l (J— <^>«il jLp ^*-j>"^ u— <3J>fc ^' ^— ^J»-2-^ ^ Ir Jl^jju^ Cuujjx j^JjjJI ^_ jUu jLpJI - 

Vz 
. Jjol^ntl J*j>JI jLu Ifl ^—^ 7?Lmin = ^U-lUI 

^jljj Jl^JI ^laia (-^^jlc T~ T~ Y~ £ 
.( jJjjii 4j^ J<s LbjJI i^jliXI rz 4 jJjjJI jLj 4-j^t jl JlS^ A/z d^p. V7? = Mz.rZ <1>UJI 

. Reference £-^>* J^=^^ 



.^ . s. 













jJbjij j^IwjJljJ ^tJL^iwU^lpJL^I^U t- Y- t 



( jjp-t-oj^J IjILj 1 ) rtj ka m)1 ^ js> \c £)j_ 



^=X- 



^IjJlJI pk* t ij_<_uL-uVl 3j^IjlJI ^_^jj Y- i) J 



=2—LXL. 



Reference Voltage aJ& ^j^ ji^*^ Sj^i jj| *jl* 4- j^tP' J-^j J^>J' t* l^LP J^j-* 



VCE 



RS 



Vi 






VBE 



I 
I 

vz 

I 



Vo 



E 



Aj 



Rt 



(\\-i ) Jlill 



: 3j*jI JlJI 0Jl& ^_j '^4^ 1 ojhil (_j t*nH L^Ji ^jp^ Lai Justlu-ul j <^i 2! ^k <^lj^ Jl^j>JI ^jhn j-Slj-i 
:. ( jLpJI j^_l^3iJ (JwcL*_4 p) — A ^-lSju Jl^j>JI ^-LkaJj J-^Ljl^ Jj'^ ^Uj ~ 

J^>JI j I jual 4 ii= <u JL^Lj (jLujf^o) Emitter Follower dxLi ^jL J^ju jji^jJI^iJI - 

0.6V ^Jjj^ jJjjJI jl^ £y* JjsI oj^j^j Vo pl^UI ttj^-II ^^ 6' Sj^IjJI ^^ s-4^- ~ 

Vo = V z - V BE 

Dy p8,SS JJ)J-tl JjIu-ujJlj^J 3j*jI JlJI 0Jl& 4_ jjIu-ujJIjwl!I ^3-luJ - 

P D = (Vi-VO) I L &3LJL c-^o^ij PD SjjOJI jujuj j V CE = V ; - V 



.^ . t. 













a^jlUtl o>IjJl»iIIj diL-uLuLH Jj^c till T^pl! Y- £) J^lAII 4- U^= 4_jJU*JI Sj^IjJI ^<^> 



Jl 




pV-£) cPl 



RL 



: 4jjlt-it,l jjua LuJI 



0.5 W Sjj^220Q 


4-4jL2_4 »lvs 


- \ 


4ftl^-, , Lo jl 2N3055 j? BD137 


jjI^ujJI^j :Q 


- Y 


Pzmax 0.5 W , Vz = IOVjL^V! jl^ 1N758 


jJjj^lJjtZ 


- r 


5KC1 Sj^jlLc <J-$^ i>3jL2-^ 


4-djlJLc :lvL 


- £ 



.j^wT Sjjus jju-^-^ ^1 jf 20V ^J[ 6V ( j^ ^jl^ j^Juj ( (jj 



(oljILpa^t ) ^JljlLc <j-"L^ Sj^^l ~ 



r 



L>J 3 Jlc - 



.^ *r. 

















(U-£) J^ll 



5/:Q ^Lm^ u i^X\ ^^JLc RL ^ajLSJLl <to u^l -' 

20 V Jl 5V o* iS^X\ 4- Vi SjjlsJI jju^ j^ -^ 
(1 - £ ) Jjj^il 4-^J^ 3 4-^o £j^' ^^^ s *l>* ck^j j^L*i -' 



Vi(v) 


5V 


8 


10 


12 


15 


18 


20 


V 

















(1-1 ) Jj^jl 

S <b jl^j liU Vi < VZ LaJlJ^ - 

VZ (jja (jJLx^I — (^jL-uj — jjl^=2]) Vl Lajii^. JL^>Jt ^jl^M 1 Juj - 
J (jy j|j 7ia La (V / joju) Llj>Sj Lluij VO £j^>JI J-kj J-A 20V Jl 12V ( j-^s Vi j^slIj LajLi^. - 

juju^. ^l^UI ?7jJk]| 

^jJJI jl^. 4. jisLUI j^JlUI t -^a.-vl AVi = 20-2 l=8VoLis 20V Jl 12V<>4 Vij-<Ju jl^ - 

£>JI jl^^-^JlU) AVi= 



.^ .1. 













j! . (U- I ) J^,Afl4,U^ 




(^o_£) J^JI 



Vi = 20V jLig. ^kUlj^ J£»jJ1 jl^^iUj^I - Y 

( J_aL^J1 J^>JI ^jLLa) 7?L = 500Q Jl RL = 5KQ U^ ^^f <>* J-^kJ! ^jLL* jjlL - X 

(°~ O JjJ^JI 4-IZ, IL, Vo ^ J^aCiUlj.S J^-uj ju^Li - £ 

IL = , RL = 00 i^jiuLc Sj-SI-i J_^>JI 4_^jL2-^ ^jj_^=lj ciJJjL_jj J_^>JI jLp o^^f^ jW^* J *^sl ~ 



RL 


5^Q 


3^Q 


l^Q 


500Q 


00RL = 


Vo 








v FL = 


v NL = 


IL 










IL = 


Iz 













(o.£) JjjaJ 
S 4-4jL2Jl! (J-*jlSj 3jJl2JI J LgaM J-<^>J| 4-4jL2_4 ^_j^ju 3jw<3 (J-^3 *-4 ♦ 4-4 Lfc iiojj3sJL<3 

IL J-$j>JI jLp (J^Sj — -i(j)j^) J-$j>J1 4-ajlJLc s^L^j ~ 

(V / ^jlj) CLuIj Lul-i l z ~r 1l pj-^?E-4 J-A - 

(V/ ^ju) Llj>Sj Vo = Vz pkUl ttj^kJI jl^>* J^ - 

. Vq rtkUl r>>Jt Jl £^J II J-*^' jLu (j^_J 4j3^L*JI &jujj\ ~ 



.S ,0. 













vo 



-► II 



SjJl-2j! jJul^-^j 4jjL2_4 Ij^Jlx^ (JJ)^"^J TTJ^^^J' ^6^ J*^*-^ O^ (J-^^' J4H J*^"*-^ L^^^. ^ hUI SjJuLj! j J ts*tA 2— 

^j^ILJl J JL^JI ^-jlaJj ^jsXjuSk uLu> Y~ *\~ Y~ £ 

.aIMaJL VR jl4>JI pj^ n J-aL*-a (-.cujl-wI (0- £ ) Jjju>JI ^ - ^ 

y -v 

VR = NL FL - 



V 



FL 



RL = 00 J_^v ->>^J ^ J^- 4- £J^' ^^^ ^NL ^P* 

( RL = 500Q J^L^JI J_^JI <j! j+^l) J^L^JI J_^JI iJL* 2_ ^jJkJI j^ V fl ^p. 
. ?7j_<C(-J1 J^-^ c**-*-^ A^ ol>^! £-^3 l^- ^J)^~^ ^j-LLt-ojVl aI jiiclu-uLjj RL = 5(J(J£2 Laju^. ~ Y 



V 

▲ 



■> t 



r /O ^dL?"^ 3 ^ j < ol^=3 ?7j-^jJI J-^Ljua c <_ujl>. 1 ~ Y 

rt-j J^jLcoJI *\V*\*t UjjX jJlj-^JLI 4_ ?7j_<^l]| J-aLa-aj t^j-^jJI J fl*w *_a r^j£A\ J-^Ljlxj ^-j-^jJI Jl^->. (^U (Jjl-^ 
dJL^ULZu-ulj dJuLiojjssJLc < . tlL^al 

(J I 5KQ (j^z RL j^iuJ LajL^ AVo £>^Jl J <?> 4-j^JuJt uLa> dJ '^ij (0- £) JjJl^JI ( j^» - I 

500Q 

.1 %n. 







Avo= 



AIZ= 

AVo = rz* AIz &%*1\ Ujiiti^ ^jJkJI j^ 4. jisLai j^l c T ^o^l - 

: *\te>U) J-*£. ^^1^ J-^>JI jLu BjLjj j^jIj i~ 1- Y~ i 

.VO, IL, IZ fjj* (J^=3 o-"^ (J^-*-" (^ ( ^L = U ) <L<m^ J^f Ju^. IvL J-<^>JI 4-ajlJL3 lUji^f- Y 
V = , I L = Jz= 

S iI^-wMj IjLa 

B^-ljJb Jj?c_<-u JljJu£.j IvL S^Ljj ^j_c lJlj^jj (Vo = Vz = lUy ) WdL>^ ^ Lj^L-cuc ?c_u-^j jJjjJI Jl^->. 

Vo, II, Iz (> J^= 
V n = It= Iz= 



, ^-P^ 4-Ht-oVl £>C 4-^' (^ tlljLlojj?eJLc J^c-<-" ~ "I 



j^-x^. ^LlZu-ul cill^aucj L^IuL^Ij 4-Ht-u2l 4_ dJLuL^j (J^Li^ u-^i S-SjLuJI 5JLl<-u2l ^i^- tillbLv} juu : (3^-*j 

-1 *V- 













Oo- £) J^iil2_U^= jLiUjJI s^l jJl 4. J2 ,J1 j-^o^Jl J^j J3 j-^>JI J^T 

Jl 

^ 




■+ 






® 



Rs J2C 



-x> 



J3 

-• •- 



IZ 




RL' 




(U-£) JLill 



Vi = 20V jlJ^l ^kUlj^ J^jJI jL^^ck^l -^ 
7?L = 5AX2 i^-jS u lqS? ^^ RL i*_j£ iUj^I -^ 
Iz = < Il = 4 VO = : (jj* (J^= ^hf^ ck 6 -*-" 

s ( V/ ^ju ) Vz < Vo lt^j <+jlo1\ 4- Jl>* ^j^ J-* 

S IjUj S 1 ^m (jj^l U^ ^«-j JjLxVI clcjL^ tit 

£) JjJl^JI 2_ Vo, I L , Iz ^ ^=2 U\jl J^uj ji^Lij 5/TQ J\ 100Q ^ RL Wa ^ j^ - V 

(1 



RL 


RL = oo 


5k 


3k 


1KQ 


500Q 


300Q 


100Q 


Vo 


v NL = 








v FL = 






IL 

















Iz 

















(l-£ ) Jj^J 



vo 



Vo, I L o±> £a}U]| ^u-ujl - £ 



S (JjL-oJI ^jl jlJI *d±lx li- aSMjJI rt^uuj x-a u l\jptl\ ^>ai - aJ^ li-V^ I^ (j^J aIMjlJI *u-uj - 6j^ 



.S *A. 













S J^Mj liU 



^j-n-u 1 ^^^ Jl^j>JI ^-LkaJj J-aut-a 



- 



V -V 



FL 



RL = 5kCl \uqJulc A(^ olj-3J ^-l^j^JLc c_jj^3L^-ujJL-uj2l a I justlu-uLi ?7j-^jJI Jl^->. ^-<-"j( ~ ^ 



vo 

▲ 



-► t 



?7J-^jJI J-^UUC (..cloTM ~ V 

S (jJL^iruTn-ul Lcj 

RL =5KQ ^ J-*j*JI ^LajLIa j^J LaJu£- AVO 7Tj^k]I J^ 4-J*^*^' < t cujl-w| ( V i ) JjJu>JI £>* - A 

RL500Q= J\ 
AVo = 



AI 7 = 



= A/z sJil It! A/Z ^ 



(9.5V 



. ^jljUl fuJaJj 4- AVtf £>* ( ^a JSf - ^ j^d? ) AV<9 7Tj^k]I J^ 4-j^tiUt - 

Vo = , II •> Iz = u^ J^ 3 lh^ J^-^i " 

ic Lu>Sj) cjLULj Vo ] juj Laju^. jVo r>>JI J^>- 4-j^ilJI il^-wVj ^U m RL s^L^j *£ - 



- <\ 



A %1. 







Iz = 5 Il = 5 Vo = , ^m^ (J^-^ r^ Rl ^f^ <^-<-P 

RL = o-"^ 3 3jJlSJI Jjl^I ~ 

S (^jlj ^-Jl (<u taij 3j jI^ cjI ^LxSj ^-Sl ^ ^ * ^l (-uL-2JI j ^.51 jJJI £j it dr^— j oj^ ^ ~ 

. (JjI^JLl J^ulajjl ^_ (^jJ-<-u I ^^^ (j-$j>Jl jLp 3_^Lj^ Ju-o 4jL^>^ Bj^jIJu S-ijJ^J (^)jj?tIuJjl^ iJLu^jj) 
J_^->JI jLp j|j liLfl (j i^rttl Jl-x^) J-<^>«JI jLfJ SjLj; Jl-x^ 4-jL*^ SjJIj L#J Jl^JJ V illjLcaJl 3j^l jJI (Y) 

.L^A^L^DjI ^Jj_2l!l Sj^l^ L^M^i J I JjltdUjJljILlI C-SM^! lJ\ <^J-J^ (^JlJ-U-U Sj^t-L^D 4j>»jJ^ 

IC Voltage Regulators 3UL*L£ttl JL^IuU&m A- Y- t 

jwL^Luu! ^j_^j^lL^=j! J-l-i^jILJ ?7LlL>iJ ^jJlJ 4»SjL_aJI 3 Jij^jLc j-l^ Luu Jl^j>J| ^jhfl j^Jlj^ ^J| i^L-oVu 

AS JlJlS i-Uj^IL^aJ z! JwL^LljlJ! icLLt^ ^_ (J-jLJl jj_LajJJ 4-j?t_pJj 4 CjLxjUJ — jjp-t-oj^J 1 j>J — CjLdjL2Ju J-ILc 

j^-pCuj ^Ju?e-4 jLajj .iJusta ?T>^ * ^^ ^—Lsju cl^—po Jl_£jseJJ CjL^j^jl^^=d J— <^*j 10 4JL^l^3lLc j^-Jlj^ 77*-^! 

" ' " V 

. Jl^j>J| ^.LkaJj J-^UL^j ?7j-<C<JI (J-<^«-^ JjSj <^;p^ jIjJsIu-u VI ^-p^Lj ^a ljLLq-4 Lu^ILLc I Jl^. /^-U2 ~ ^ 



■ ^ 1 













AN, CA, EGG, HA, L, LA, LM, MC, NJM, TA, UA, UPC, NTE. 

Jlj 100mA ^ J_*^ oIjLlLjj m^j-^ 4-jjIj bj <?> u U**\ j l^IjJ^i i^M^ c*li LM78xx iJL-JLu - 

1.5A 
. i-JL-u i-ulj 1jij^-w (jjJ^aj o^tj iijL-aJt Ji* LM79 xx ^JLJLu - 

i-t^j^a Alulj N jfl^- (jr^u M 340 aJLJLu _ 

.4-JL-u aIuIj 1 s j^ ^ La au LM 320 <JLJ m - 
300 mA jLp L ^t 9V j^ U^ AN 79H09 c_JLu c^l3 j^ ^J^u - 

Zj-^* (j? LaJU J L-blj^Ul 4_uL^l Jj (^J^SI^ 7t U m< 4 ^JUfc-4 J_^L^3lL<3 Jl^->. ^i^lLia UPC 141 A rt fc (4 ~ 

J^^tl200mA L ^jLu i 15VfJ*i« 
j^j 20W -ijji^ 4-b^'i 1.2A jLj 3jui 37V <JI 1.2V ^^i. ji^. u U»j EGG956 ^Ikio - 



. CjLjLlJI JjI Jl>. £>* 4JLal^->lXI j^IjJlJI 0Jl& L-SljJsl JuJu>oj 



OUT 






ACJ; 



f 3 2. 



LM304 



V *v U aUu 



(W-£ ) J^ll 



.^ ^ V 
















.S SI. 







Summary AuM^lt 

.Reverse Bias u(( Ar jLp^' 4- ^^ J^jdU L^b 3 -^4^' oUI^u 4- Reference Voltage 

AjustlLcuJ jjull^=3 jLpJ J-<^>i-tl -il JL-aj L^1^=ucj <^-^p* Lai Justlu-ul jJL^saVl ^k <^lj^ Jl^j>JI CjI a fc La - * 
J '^*12 J J ^ ' ' L^ * ^^ Lr^" Uj '^^»m ^j-^=uc-i ^J ' o^a *J) 4-jJljuJI Cj! J ^Jlj-UJI Cj La taj I * ^_ - 

. (^jlj^ Jl^j^JI CjLa-kila £)_a IjljJsIu-ul jh^=p) (^lj^ Jl4j>JI CjI afc /a - * 
J^l (JT ic pkUl r>>Jt lX&>* ( j^l pl^ Ul j^ J^JlJI Jl^>. Ju^j (j] 4-tj>o Jl£>«JI ^jl^n j^Ij^ <J^ 4r " 

.2V^ 

. L^O.6 V 

.jo^LulJ! < aJuJ V <^L>* Jl^j>J|j 3jJl2J!j jLpJ-! _}jJl>* ^ju^^) BLclj^a <-;-^>iJ Jl^j>J| ^.LkaJj j^lj^ 4_ - * 

ji 4JL)Ij (<u^oj 4-JL-<-u jl 4—L^j.a l^j_^-^ ^ Laju (^p-JI ^JLal^^llI Jl-^j>JI CjI al^^a ^)-^ j^j_^=JI J^J^ " ' ' 

. OuLlij! (Jjl Jl>* ^j_a L^l^j^-a ^j-^=ucj 4-oJQie-a (J-c^v CJljLpjj Sj^-ilLa 

c-(-j>ij p taJ t.l j ^ C j J t^m cA-JJ J aL^=3LlXI Jl-^j>JI p ta I a (^_) 4^L<-tjLa dJLj-A ^jj_^=lj LajL^L 1 j\ ^^ - 1 T 

.Sj^uul ^j-^>J! j^jG (J-JL2jJ p-killl (J^-i J^^- J'J^ 5 ! < ^"^^ a J-u^^jj 



.^ ir- 













1 i ^sj i ^ ^j ijjj^L^aJz! jul&LjjlI) (^jXC- 3j!j*j>J! 4^>*J-i pLajjz j^-Laj>J! j^jGJI tiJJ tc-lojj ^JLqjlJI J) J J IJLA 

3jJl2JI jjljLga^ ^_ 
(PN r<Uj-2j (^L^ ji) (^jIj^ c-j^<_tju<a 4j ji ^jJul^ c^^Lju j jIu-uj^j I j>j CjLA - ' 
^_Lajt-x^ *_$j>Jjj 3 Jl^.L2j! *_a ^j-uLl2j! jl ^^ ^-cajse^a J-i^jj Jl^jJL! f-*-^J Lt^J Lt^J J^4J^~3^ CjL& - ' 

( i*\j2l\ J*— j <^U jLpol 4_ PN ^Lu J^j /\ ) 0.6V Jj^ j^UJI j^>JI c*\jl 

(^jLlS-i^ n L&jju3 5-iJLcj 3jIuiJ 60 W 4jjj3 ^jj^^s t-Lu-^JL jjIL-ujJ[pJI 

jlLi^jJj-iil ^^JLl j^L>JI Jl^>JI 3^.Ij^ ju^Li -* 

U . J J V /J } j->* 3 >ujLl^ 
<jl Jlj^Ti— (_u <JJuJlJ < J lM . ^j\j^>. c-J^— LrjL^ L^j < . ( ^Tj J > J7" ' giaJLa £)) Jl^>o <JJuJlJj 4-Juui]! 

.3jJlUI j^L-^a A- CJju>o Ju3 JlUr ^M £>* 85% <j? rfltJI *-A 4Jg(f<lt 

(Y) (^JU^. ( jjjWi 

. 4lLpw^LL^ (^Jua 4-^jlx 

^_ 1 o ^^ jILi^jJ j-3 jL^-^J 1 Ivii 4-^jLLc j^-L-CJ j^jlL.^ 3jJl-^ j J ts^iA X 4 (Ij m(^-3lC.) j^JjjJI J_x^>j - ' 

. (W- QJ^nAtl 



ika 




(U-£ ) Jiil! 

vz 

-\ \ t- 













(V) (^JU^. (3rh^ 

R3 

3.3 a 



+ 



Vi 



R2 

2.2K a 




Ql 



Q2 



Rl 

500 a 



5 





yQ3 



R4 

3.3k a 



R5 
5KO Vo 



R6 

iok a 



Bjlj^j^l 4^>*j_i j^jjlLj Ij^Il^d ^-kaJUJI Jl^^I j^tiuj ^jJ dJu Juj j^jLl^JI £)_4 c_Jp-2j Jujii^. 3jlj^>Jl J-^uuc ^j2 

:Q1* Q2 5 Q3 oljji^ij^ljitl ^a-tloj L* - y 
J_*ju j jl^>JI ^J^l* j-j^ jji^jJIj^Jl Ijl^j Series Pass Transistor ^Ij-UI 



.^ \o m 







JT VBE 0.7v . 

RA R 4 

0.7 
/Lmax = — = 21 mA 

33 

100mA (^lo* J-a->- jLp jjlh 3 ^^^ Sj^l jJI ^-^>o (j) (j^-i <n cP-^J ^^" 4-^jLlJJ i-u-uLitl i^_t2JI La ~ "I 

7 
100*10~ 3 
. 7Q L^L^a i>3jLS-^j 33Q ^jL-uj ^pJt Iv4 i^jLltl JjlxL-oj 

lv2 ? Ivl (J-U 4-Lcal!l j^JLLj 

Vo= A (VZ - VBE) ^}LJL> j^hj S ^J^iXI £>JI j^ i+£ La - A 
Vo = VZ -VBE = 6.2v - 0.7 = 6.9v ( R2=0) A=l Lajuii ^1a ^ jl^ JSt 



.\ u. 













♦♦♦♦ *t i f 5 

: Izmax jLp u i^K\ L* VZ= 10V < Pzmax = IW jJjjJ 3jj^ w —*f o^ 'M " ^ 
(150mA, 100mA 5 50mA) 

- (j_^=ucj La J-3) — £)_^=ucj La j^j ^-jj) Jl-^j>JI ^jhn J-^Ljl^ ^jj^=lj <j) ^-^o Jl^j>JI ^jhn J^J-* 4r " 

((J-jjLluTJI 5JL*. (^±c JuCLju 

. A- £ )J^a Mitl J-^^JI jLj BjIjj Ju-o 4jU^>. Sj^l-* £-* ct^'j-^' ^^>f<v I2_ - <_j 

. 1Q U^hf^ 5-ajLi^ R4 i^jLSJLl JIjllL-uI *u lij - ^ 
(1 A - 700 mA - 500 mA) J-^Jt ^><u 0^ 0^*J j^h o^f lu,^1 



S XVJ Bj^juJlI 4-ajL2Ju A *^J La ~ V 



Iz = 12.5 mA < Pzmax = 1 W < V z = 20 




(\*-£ ) jy 1 



Vi=30 v 

S ^LU! Rs 



: JjVl 

V^l 

4-a-t^ La 



■ ^ IV. 












■juoTj J-^kJI ^L*jH* cJ5 1j>I <^Jl^j IjL* I fl = 35 mA J-^L^JI J-^JI jLp <jL^ lij -^ 

S (V / ^ju) jL^fcli pj^ n ^^^ J-* 600 Q 

Sl^Uj 



: J^^l - J> 

4 c j^ J^ JJJ^ JJ2 J^>JI (U^2 j^ (j^ajI ~ ) 

CjVL^IowI 4-J^Lj ciJLjjk < h 1j *u SjILi Jlju ^jJc-ujj L<^j|_i j^JjjJI <j) CjJlj^j 4 jl <^r Sj^jIjlJ ciJj j<?n Ju£. ~ Y 

j l ^~A 4 *^-* Ul JllL-uI L-jlSZ-juS 3j^JLx^ jJjjJI jLpJ-5 3_ijL>Jj 4-4jL2Jl! ^jj^aiJ (Jl ^ 

O j^J 6' ^ 

03^=^0' - V 

- ^ 

- Y 



.^ U- 













. jLpJl 3^Ljj Juis 4jL$j>* 3>->l-i (JL^- (^g 9^L>og ><jLL<a >-<Ct-m-a i j^- lt^" (J J ' ^ **" 




R5 • 
5KO Vo 



(\U£) Jlill 



tjuLOLUfcJI 



.(NPN) ^ L^U. U jf 2N3904 oljji^j^p ^M3 - 
(6.2V 4JU vdP jL 4^* ^ j40 l£^ jf) 1N753 jJj) ^LS - 



.^ n. 
















. cilJju iuoUJI oliJI 2_ ( x ) ^Mc 




SlL>^9jI CxJ-SjI (J-& 


JUL&LJJU) 


1,1^-. 


Lxj}^ 


V 


>^ 










*£ i *a|jUV| , , '^j"j ^ ' .Ustl j <^l ;*tt * ^tjUf \ s a~J\ - Y 

a 1 Ji^tTn-u 1 4_uLl^d^ ^j-uLl2j! 3j^j>*! lLs-llo^ (J_U^^J ~~ i 

. Sj.51 jJI J-o-c *_a cjL_uL-SJI iijLU-^j ^-jLuJIj cjL-uL-SJI ~ o 



jjjJLl 3Jl^.1 Mi<a; VdD^' -^ (jjj^lt JjII j^£ jf L^j^ J? V <jU*)M CLcjL^d I i| t ^>>UJ I 



.n 


















/ / 


• i.^1 


t c^ ) l_0_\ ! /*vlo ! 


- C~v 




V : Y ^ : 4jjL>Jtl ^j MJ^' (*^J 




rt < < <* n 1 2 -v. s N 


i*jjJI 


^ < < S~ 1 1 Nam 




Y- 
Y- 
Y- 
Y- 
Y- 


. 3j*jI jJI J-^-c *_a cjL-uL-SJI 4-ojLU.^j ^-jLjJJIj cjL-uL-SJI ~ o 
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£>*^>*ll 






■ HI. 













uUa^dU 



.Ht. 




4-pJJL 



-J-J1 



■o.'iifl(| lliiiji]||q.o.'inll pilnlll nnlnll iiiiiiiif ||)ll 




(U^ii^j^ji 



j i*^~tt j5\j* 



^ 



u'i g 1 1 c_ujJl1I!j (jP-AJI raJ-stll! 4-aL*J! 4 i ii i nj-glj 2 Uj A 3e * J^j " >, 1 1 » j «)->> 








. 4-)jJLLa-tl CjL-uLl2J! J-^j 
: (J j£, IjjlS c-JjJuJH qj^J SJl^jJI oJJt> ^a ^IgluVI Juut^lJLAitl 

Gain Q^^^ti) ji^>j| j^_l^j J-aL*_a uLo>j <j-^L^ -^ 

Frequency Response ojjpJI ^L^VI CT Jbtia ^j -^ 

Phase Shift J^jJIj £>^t dr^ ^>H ^Ijl ^j'j 3 ju^Li^ -^ 

. aUJ 3Jlc - V 

3j (3^* 'J 4JuuaJ! 4 flj^tlj ^ <iH*tl 4 oj^t) ^j-uLlS ^_ c-Jj*^ ^j.Lu.oj2l jl ^>» a| Jl?cIL<-u! ^jL2j| ~ ^ 

)L^J>J 1 J>-L^3LJ (J *\ • a i \\ 4 ,i^ {j^ "J^ 4 *j • ^ - Y 



.sir. 













A-u^r^itVI j^IjjJIj sj^Vl £-jl*^ 4- ^L^l j^lj-^ Amplification Circuits j^=ii I j^^j+uu 

3j^l^ J^-aJj ^j aIlJuJi 3Jl>*jJ! 4_j .L^-t^.j ^j-uLl2J! 3j^>*1j 4-Lilajl 3j^j>*2Ij (J I u-Sj t " *'j (JL-ujVI 3j^>*1 JILc 

JvL>Jl Jl^£. Jl 4-La-4_<-ajJl i-UJ^IL^aJVl j>j!jJlJ| ^_ L_^JjL^>*J a) jLJtT(— uaX) 4JtjL_<i J jU—i-uj^J IjHJ I a 1 jLJtT(— uu L 
: L^ajuuLso^ {j^~~* ' ^/^ ' (3j^ 3 Juu C i lj^ ^3 1 1 < k-iijLgaJ ^j^=u$jj 4 Aj^Ll^IlSIj *Li3 c-jLu-uV i-i^Li* j^ljjJ 

0J>JL* c^JI 3jl uul) juu ^3lJ j }|J_i ^J| rt uj-SJll^ L-A^-t-L^aJ _ilj II 3jl J/Vl <L* <_aJ I 7t \V> ~ Y 



Power Amplifier (Sjjiill) 3j^=l!I SjLiVI j>^=j j^'jAi Small Signal Amplifier 

C pjj — B p^i - Class A ( < hus^ ) p^j J-JLuull AUn)\ [2A* - I 

7C_A-OJJ O ~ Q)J^— ' LOjI 4 JL^J>J! (J-Oi2J ^_ 3jju3 J^^L^auC 3j*Jl_ij 6JULAJL& 3 J Li} J^-L^SuC 3j*Jl_i jL^ljHj Ju3 LL^-J 







(>-« ) J&Afl 



. IvC Coupling cJiIL^aucj 4-ajL2-^j LkajjJI AjLgtlLujj A pjj 3j^jlx^5 3jLi| j^_l^=ij 3j^I^ - ' 

. B ^j Push Pull t_jji^j £$± ji^ * f I J^^-"Lj 3jji^ j^-l^3lj 3j^I^ -^ 

. < /J^^ 1 f ^J'J f t>J^> I A| Jlitllx^L J^_L^3LjJI 3j^l^ ^_ 3jLiVI ^>^J-tl J^^— ' LOJ) 3 jL^LibCJ ij^^pJ! A-jLsdu-uV! 

-\1t- 







Amplifier j^U - ) 
Frequency Response j<^olt ajj^I ajUcI^V! - Y 

^JijJj j^jLj lJSj^ju 4-J.4J J^JlJI SjLtiJ ^J)jJ3j (j ' ^3 1. 1 U t-O^j) J>-U-^3l1J1 J-dUL/a (^t_J 4-^^L«Jl (3-<-Uj J-& 

.jAlJ 4-ik. J^ju ^JlJI JJpJI (^Jla _>Jl3>o ^LtlLjjj^nU J^fi. ^^ SjLiVI 

Amplification Factor jo^alU J^Lua - T 

|Vb| 

Amplifier Efficiency ( f| ) j^U s f U^ - £ 

^j-jc 4j^c_<-JLI 3jJl-UIj Po(ac) J^>JI 4- L#j ^Ul-cJllj j^_^=lII 7:j^>«-S 3^_^lJtl 3jJl.UI (j^_j 4_j_lo1H j_a 

P.(dc)7 = ^^sjJLSiljjL^ 

Common Emitter(CE) LdpAJtl d^LJIj^^uc - o 

j ( "^ U J-A cdp-Lu-U lL_C.LJI j^-j-^auCJ 4 T^jJkJIj JiwjJI ^jj.Sl.i £fU L£jp^Lu<3 lI^cLlJI <— SjJs ^jj^=lJ lL*-L>. 
.3jJl2JIj jLp-Ii «-^^* Lh^ J^~^* ^ L?~J^""^~ ^ J ^^ 2 U> t uj£l\\ Jj^ljJLl ^_ Ll^jjl^^j Lai jLJtTn-ol j <^-^Vl 

Common Base ( BC) <^p.A.ll SjicUJlj^a^ - 1 

.S^JLjUI CJl^^pJI J^_L^3UJ C.C-t-oLLcj Bj^JL-L^ (JiO 4-4jL2-^J J^J^ll^J JL^>J| Jjj^l H AjlitllcuJ 

Common Collector (CO ^4pAXly>Jllj^3^- V 
jL£lU Ij^-u ^=aj Ujug I jljv 3j^j_^d J^o ^ajLl^j j^H^ Emitter Follower l-UcLJI *->Li> 1 laJ c^-^ 

Buffer JjUJI j^JLLj L^j? ^r^-^j 
Audio Frequency ^j^tl jjpJI - A 
ji^4 ^mj -i-ip-51 (j^ Cr -Li J-^stj (^jlJI j^_^=lIIj 20KHz cj-^j 200 Hz (j^_j *JL ^jJI jjpll j-a 

Audio Amplifier ^h*.*^ jjp 
Small Signal Amplifier s^JLuaJ) 3jLi)Mj<^* - \ 

jLpujz! CjIjLuj s J 37V ^HJ»-2^ J*^*-* - ^ (BjLtiVl 4.+_iu) ^^p-tl ?t^>J| jLuj^Ju 4_x^ uu^^j l£* ^ > <<: ~^ 

^j-^lj SjLcj (Jj$\ J-^tjJLt ^_ AjLstlLctuj 4 10 mW ( j^s J-^f 3jJl1 u U+j ^JlJI j^-^jlII jf 3j-<Cl-ujlU 

0.5 W ^a (J^l SjJlS JuJuj Sj^ju-^JI SjLiVI jjIIl^jJIjIlI 
.Mo. 







Power Amplifier BjjlHI j^au* - ) * 

j^-j-^d! JljJlu SjJl-2j! jjp-t-oj^j Ij^-J J < 4-j.iuLuU SjJl-2ju J-^^k]! _i!jL_aV 3j^pwV! Jj^ljJLl ^_ a JlJ^Tlujij (^Ju! 

1W^ 
Coupling Circuit iajjJI >sljj - ^ ^ 

j i Transformer Coupling J>*^j d^j -Direct Coupling Sj^iL^ da_jj - RC cJii^^j 

.4.4 I jLJtTn-UJJ 4 t^t \\ t^t^ pjj J^3J 

Coupling Capacitor dajjJI < ^^ « - ^ Y 

*_jJll < J 1^=3 4J 1 tiaj] ^-g-ujjj 4-uJ^jl j>j^. (^j^l 4-La_2j *_4 4-uJ^j) j>j^. 4-La_2j (j-U da-Jj^ l£<^J' < 2iIL^=3 1»1 j_& 

.j^^L-clH jLp-Jt JJ>^ £-^JJ ^-^P-*>' J4H^' JJL>^ 7 r -<^L r jLj cl*-p* 

Bypass Capacitor jl>*)M < **^« - )X 

. S_i_ipJU BjLiVI j^t-L^3iJ J-^uuc £yz Ju^_i^ 4-uisjI (^j^i 4-La-SJLj A^ludj\julC 4-La_2j <ia_Jj^ 

Class A Operating Amplifier ( A < h)t^) pjjj^aJll - ) £ 

. SjjpJll J^jJ! BjLiV UaIj^JI 
: Class B Operating Amplifier (B) gji jo^=Jtl - ) o 

do rt*^ 2jj-i < rt '^ > ^JLc ^ ( ^—i 1 1 (J-^Jt-X^ Lu^-Sj *_La_2j| 4 hj?) JulC J-aJLcLlLJI 4h!ii ^j j^=iJ j^-L^aJL I I JJt £— 

:Push Pull Amplifier c-jjl^JIj gJajJIj^* - ) 1 

. j^l^=3j S^-Li^Dj ^cy^ prj^ ^j^ lt^- (J JP f ^ **" ^ 

Loud speaker icU^JI - W 

3 — 8Q (J-U La /^jljlij Bj^JLl^ L^LcjL2-^j 4-ajj-l^ A^LIo ^JJ A-xjj^^aJ! A^LLaJ! <Jj^>o 



■ ItV 













^lj_(-uj 4 J^jlJI jLu j! jl^>. q-*jj^ ^jjw jLp jf j^ ^^ Jjr^^JLl Active Region iJLsuUI iikiit 
i_L^Dj^ ) £-^41 jLp 4- ^LhH^I 03^=^ Small Signal Amplifier Bj^L^JI 3jLiVI <-«ij^* 4-j 



( Y~ )(J^=a toJIj j>-u ^=3ljj1 ^j_^ (JL-C jl JlJLc (^^J^. (JjjL^reJJ 3^JllLc B^JulLc Jj^IjwC ^_j^_l^=uJ| ^jj ciJJjJj 




VII 



V02 



(Y- o)J^uUI 

AVT cr l^=JI 
AVT = AVi * AV 2 

RC Coupling Ut jiiei^t J^=>^\ ^j < ^^*j ^LajLl*j cLjjJI ^LSj^L - ^ 

Direct Coupling j^iLdl ^UjjJI i%>U -^ 
Transformer Coupling ^j^ J>*^ ^j^' *%>^ "^ 

( c-JjjJLl *_a tiJJj <ji^Lj ) c-cu-uLltl L^-al Jiitlu-ulj L^j^-x£.j Lgjlj^-i^-a 4-Sj^Is J^=Jj 



■ UV. 

















Ajuii iiy^t ^i 



Jijfl SjLSj 



( r-o ) jiAM 



J 



Lull 



^ < ?<<? 0*= Rj, lv2 ^jLLcjL2JL! <J-<^*j ^_p* La! Jl?cIL<-u! jJl^sVI j-&j Jl4j>JI ^Miija : Ajiitlu-tJu jLpiJz! - ' 

4_La-2j jlj Sj < ul (^^-i^. J-<^ajj 5-<^<a 4->ajL2JLI ^jl^j oj>^<-5> i^jLic ^^-ujj <^cLJi i>ajL2-^ :rvcy 4->ajL2JLI - ' 
i_4_<-a^=LC. ^-jj^u J-^ ^-f 2 *" 2jIjj>JI ^Lxjj j^Ju jui^ (Bias Stability jLpoVI jljJsiL-ul) J-JLiuJI 

c-jjiUtl ojjjuX\ SjLi>U jl^>JI ijitx^ {y> ju>j bypass Capacitor . jtj^l < ^^-i* CE < ^^U - * 

\ ' ^3 1 1 c, / < ' <<: --^ ^j^> A^ (_. <_uoiJ /-jJ! ^ BvujlIJLI SjuijU 4-jJU_aJ| ^ j < a^=3 *J) 

C-JjJLLa-tl 3_i_ipJU SjLtiVI JJj^-^J Tr-fl-idJ ^L— p» ^ f ^^1 t> 1 3j^Jl_ij JjiwjLJI SjLtij J J ts^tA (J\J OtS-SjJ* >^\ 



■ ItA. 













.sjbil iL*.jJtl jLp^l ji^x (^i^ j^Jj ^ <jr^ ^ liUL . j-ClujlU jLpoVI 

Frequency Response j^uJJ ojjpll ^L*i^VI 1 - 1 - 1 - 

. ( hl^-^i aj 4-djlJL^J <-ta_)J J J j^-L^aJL 

vo 




( £ -* ) JLA1I 

cj>L-lojj cj^-jj Ld>LwjVl (j^j Stray Capacitance sjijLAJI oLu-oJI v-lloj s^lLaJI ob^UI jo^l -^ 

. ^rrn^ltl Ji^ Jl^Jl Jix£> Ji^jJIj £jJkJ| ^ ( SllOl! drCUit ) juuaSJI 



M<\. 













(0- 0) J^n ,1,t| 4_ U^3 4-lUUI 3^1 JLJI jba 

J-^d J (in ^_jj>o (j*-uL±2 ^j_^ 4»cj«<^>J»l ^jj_^3lI1j CjLcj-^?e-4 ^J| c-j^L-LaJI ^j t u-Sj ^j^~^ i <n :c-JjJL^Jj iisj^eJLa 

.3 Jl^Ij Sj^jI Jl^d I ^j'^ CjL-uLl2J! ^jl>Zj 4_^>*jL>. ciJ^L<-u1 J^j^io (j^ 



• <- 



cjLLj djA ( J 




vcc 



(o-o) J^uJ! 

L^S^L^3lj La j] ( BC108 jIjulxjl^ SjLi} IjjIu-ujJIj^j Qi , Q2 ^jIjjILl^jJIjIlJI ~ 

Q 2 (2N2102) < Q! (2N6004) r l 0*1^1 a^^ 



<LojlJltl 


Rl 


R2 


R3 


R4 


R5 


R6 


R7 


R8 


4-»-l1II 


68Kft 


27Kft 


1.2Kft 


680ft 


82Kft 


15Kft 


lKft 


220ft 



U.J W SjJloj CjLajLSJLl *-£&>* 

25 V J^ jl^ CiLa^aJll ^^ 100 |iF = C3=C2 = Cl 

jLpJIj Jl^j>J| (Ju/Ll2j ^JljlLc (J^LajS 3j^j>*I ~ 

20 V tO 10 V £)-4 J>JJLL<a j.<Cl<-'jL4 4j Jtiu j Ju-^c ~ 













IjLi 



J 1 ? JZ >.ujL>J I (J-X-^ ~ 1 



0" ) JjJL^JI^^IJ^^jCO - 0) 



jLj!o*YI 2 uSi 


V A 


V b 


V c 


v D 


v E 


V F 


a , „l StJ a ^ <^tt 















.!-£ 



0- o)Jjjl>JI 

/CI = IE,= — 

1 /?4 

/C2 = IE, = 

2 R8 

C-Jjp'^ r-oj.Lu.oj 2 I Aju?tIL<-ulj IKJ^Lz -i-ip-J 4-^£>- 4-^j-^ £-^3 L^- ^LjJuJlJI ^J-^ PTJ^ < t^> j 1 A> 1 ~ Y 

. j 1^-^ U s>jIj J^^ SjLiVI ^jla J-x-^ ^j 50mVp_p Ji^jJI SjLij iju_u < to j < >> t 

3j^(JlJI I§_ jLQiwVI daLoj ^JLl( Vp_p^) _i_^p_tl Jl-^>JI A^-lm ^j-uLii] c-Jjp^ fajLmjjVl AjLJtT(_(.u| - V 



jL£o.^t <]^2j 


v A 


V B 


V c 


v D 


V E 


v F 


Vp.p 















(Y- 0)JjJL>J| 



:^>UJL AVI JjVl iLxj^ll JL^>Ji j M^nl J*Lt* ( t cco-^I - I 



.in. 













AV,=™ 



AV 2 = 



VA 

: £a}L*JLi AV2 4_jjli!l 4JU.j-*U jl^>JI jj;^" J^L*-« t_c^o>l - 

VE 



VD 



AVt = AV l x AV 2 






AW = 



VE_ 
VA 



jl_L*i»- VI JaLaj (jjJlC- -IJpJtl Jl^j>JI (J^LloJ AC f-^3 cr^^Hri-^-^J-^' ^'^eT'-'-ul t j^— i <u : ikjjstLo 

. rms aJUls 4_*_i2^= ( Y — ) Jjju>JI 4- ^Ul J^-^ ojJl^j ^uLjj«JI Sj^I jJI 'A. 

Jl j_^>J1 J^l - > 
Jjjlj>ji 4- (*d-^l J^*-"^ ^LuJl (v) aj_LaJ»Jl jj ^a Vi p-p = 50mv ji^p-a J^>o j (j> £->* - Y 

.(r- o) 



jLlt^^ft <Ia2j 


v A 


V B 


V c 


v D 


v E 


v F 


Vp. P 















(r-o )j J ^ji 






Avi=. 
Av 2 =. 
Av t =., 



liJbL^LlLcujilj CjLtojj*JLa (jj^ 



.^rr. 













. j^aJLl s>5b 4- Phase Shift <t>.yi i^ljj ajjIj s ju*LA* £- V- ^ - 
Sll2jI (J-a^j A jLilo^Vl 4-La_2j jii^. Vac -*-^h-^> ^4^^' 3 jL^Liucj ^j-uLl2J ^JjVI sLuLJl (J-^j ~ V 

. B jLltiwVI A LaJiJ Ju£. Vac -*-^p-^ uJl 4^' 3 jL^Liucj ^j-uL-SJ 4-ijLjJI 



VA(vi) 



Jljfl SjLiJ 



-> t 



VB 



^j^Jt SjLit 



-> t 



.VA ^LujI ^ ( jJl^I -j^d! ) VB i^jJLl ^LujI Ja - 

5. ( V / ^ju ) j-ipll j^aj Ja - 

. Ji lLs-SJcJI Ju£. ^L^iJI ^>^-Jl ^>-J A 4-U_SJj| Ju£. (J^JlJI Jl^>- (*-^jt (*^b 

)VA (vk 



Jidl SjLit 



-► t 



.srr. 













VE 



^il^Jt £jiJt SjLit 



$ liU 

. ?7j^J| djLiV GjJlua J-±£. pL-yj| jo^al S JLALiu.4J (j-aljs _ X~ ) 
lXjlC 7TJ^>J( ^4^ *J J ^ iJ *J^- fL^I ct^-^' c^C- J '^~»o <^>- Vin (JiwjJI Jl^>. Jj ^lLs-U - ^ 

. 4 oj^tl 0jL& J^e-<-" (<U LL 4-U.SJJI 

Vo p-p = 

(Distorted) Laj^i* pj^j f jl> zy>^\ j^ q] ju^L-u jjpJLl J^jlJI jl^>* b^Lj 4_ j^i^t - Y 

. i^j-tl flSj 4 ont ( Clipping ) L> ^ ^JU^ c_>Ju*jj 

t 3 jL&LfaJU 

Frequency Response ipjpJ! ^U^VI ^^Ia ^j V Y- ^ 
a I jiicj_(_uLjj lKHz jjj-jj 50mv/Vp.p j ^>. jLi^. Vi cjL>jl->jl!I jlJj-a £>^ j $^» <kj ^1 - ^ 

J^c_<_u ^J (£- ) JjJu>J| !§_ 4JL?c<-JLl Cjlj^lJI JJlC 7TJ^]I Jl^>- <j-oj3 ( AC ££)Ju (JT 1^. <jr^J 



- 



- 



Jjpll 


50H Z 


100Hz 


300Hz 


500H Z 


800Hz 


1KH Z 


2KH Z 


5KH Z 


lOKHz 


VO 




















" A 





















.srt. 













^ 


20H Z 


30H Z 


40H Z 


50H Z 


100HZ 


200K 








vo 




















A 





















(0- 0)Jjju>Jl 



Cl~ ) J^ M<tt 4-pCujLcj-J (<u-uj <\)J ^^iiL 7Tj*iJt Jl £^J -*-*p-^ LA? A^LjlJI r<u^jt ~ V 

V 



o o 



o rt C © © ^ 

ITi § © O O ~* 



o 



^f(HZ) 



(l-o ) jLill 



^JLc u <?M do >. ^_ <-ujl 0.7 Vo max ^gjLujLj j $y j^£.j V o max ^jl^>w ^_<-ujJI (^J^. ~ i 



jn^-^U) J^p^ L, ljulz* 1 ~ 



/bw ~ /h " /l 






■ iro. 







Summery WM£1I 

. A-u^^itVI sj^Vl pfc+a 4- ^L^l j^lj-i c^ Amplification Circuits jH^-r<tl j%j> - ^ 

Multistage Amplifier s^ILzl* J^l>* ^ jl^i < uj 

3 Jj fi *i\\ (Jj^ljJU J>J_L^aJ Cj^LcUL/3 C-JjO-O J-X^L^ 

20 KHz (J-* J^ l£ ^ 4- £^J l£^' -3-i>UI >& ^jjuall JJpil" o 

. 4r^v;* s^U^i j i co^ajj Distortion jr>>JI 
j^p* ^^ LllLu j>jJj I^^oJj sjjpJLl SjLi>U (gain) c-^o^aJl jup Bypass jl>*)M olii^- A 

. j^tj^ajjj 4-u-uLuU Cj|_i_ipJI tc_a-o^j 
. >uI/LJL! ckaj Jl AjLstIL<-uJ 



-irn. 







S(o- o ) J^uUI UjUJI ^uUaJI s^jI tti a. s.u^^.^t.^i..^ dk^Mii 'dj^>- I 

j^L-oXI jL^^il jjt^agjQ ^Ijj j>lpaf jl^- J-^j (°~ °) J^=lA!I 4- 4-JU*JI Sj^IjJI 4- " ^ 

• Adc jJ^-^-1) (]>^ c-jjj^-ujlU j.<ClujlU ^JL^=JI jLp-J( ^j-tu-S-J Vcc 

. ^jJkJI Jl^Jv pL-oJl L. clot*. I < /J^~"^ ' oLj t uVl a I jLitTn-oU J 0j_<Ijl4 j*^ 7TJ^>- ^^^ pU-oJi ^JL^S) 



vo 



p-p 



/Jc = jJu^JLl (jjQ c-j^fc-i^JLl j-ClujlU u l^tl jLfltl <j-a^ " 

Pdc = VcCXldc = aIMjlJI ^Ijiicl^Lj jj t^[\ qj* ^Upe-coXI SjJlHI (-iLarwl " 1 

PO = ^p X ^= &>UJ1 fljLJtlUj ^>Jl SjJ& ur^l - V 

a/2 a/2 

po. 1 ^^ 

2R7 

PO 

r> = xl00 = aIMaJI aIjlsb1<-uL S»U^=aJI < -I - A 

Pdc r • • 

PC = PJc - Po = (j[j£> 3^_^1a 3jL«4 A^j ^ £ - 

Pc = pdc - 3 Po= cJb SjLil ^^j r jl£. 4JU 4_ 

d\j Juj jjTlujij^j IpJu J^^p Lr^y 3jLiVI -ij^J (J I tiJui ^Jljl^j S^j-2-itl SjJl2j! <J-2jj jJu-^JL! ^y3 c_jjj?t_<_ail 



■ irv. 













♦♦♦♦ *^ i f 5 
i ♦♦♦♦ 

3 JLxlj SJLxjuc A £^j (CE) Ldji*!* vL^bjj^-i* Sj^l j (V- ) J^=lAJI 



Rl 
100K 



CI 
lOOjif 



Ih 



CJb^jj j]j^» 



(*) 



R2 
25K 



R3 
4K 



-#^" 



C2 




lOOjif 

Hh»vo 



BC108 



R4 
IK 



->•" 



, CE 

■ lOOjif 



-#^- 



12 V 



( V - o ) JfeAll 



( A - o ) J^lAJI 4- U^i lOOmv (^jL-uj 4_u. >? JI J^jJI ^j_* ^LujI <j!j 



Vi 

lOOmv 




lms 





t(ms) 



(A-o)J^All 



. ^jaJI Jl^ 4j3Ju (^-^jt " I 



vo 



.STh- 













S £j^>Jl J^J djjL5t-U^ liLd CE < rn^U L-3JLV JU£. _ C-J 



VO A 



. 200 mV g^uoti ^JjX\ JS.JJI j^* ^LojI jbjl lij - 

S JuJu^. ^-^p-ll TTJ^-t' J^£>. i^Ju rt-<-ujl 



,j_$JJ ((j^aJa ) 4jj_^j (JJJL^ 4-^- (Jj-^^jkJI ^j ^a <n (^JlJ! -i-ip-U rj^>Jl JL-4^>J ^-L^-ujI ^ ua&) Lc - J 



S JvrL S_4jLSJLl 4^jUj La ~ _a 



( Bypass jlj^l jf ^j^ - Coupling lUjj ) < ^^ * ^ o , ,m CE <Ju£=a\\ - ) 

tU4.fl SjLuJt ^ Uf ( x ) ^Mcj i^p^J! BjLutJI ^ U ( V ) U%c ^ - } 

^j^t^V it! -i-ipJi J-^ Ct"^- ^^ C-^Jj, mm <-Jil^=3ucj (^ 1 9 L/Z dajjJI CjLo1^=uc j^3p _ ^ 

) . 20 KHz Ly^j-tr^ c^j-^' ^-^P^ " ^ 



.^rs. 













Push - Pull Power Amplifier u^J jflaSjJLSjjiU Y - o 

rOWCr 3jJ SjI j^< ^3 * ^ r nu B^JLc BjJlJlj J_^>Jl ( ^IJl-ILc!) 4_jJuuJ p ^ < *aj ^J_JlJ OJUL >»V| J>-iJ ^=3uj1 

.Amplifier 

^jj-^ajj Lu-ujU Sj^_l-^d CjIjLaj J-^rtHj (jl 3jJl-2j! Cj Ij^-j-^auc ^_ ^LcJlisILnJLl Cj 1 jjlLmj^J IjILj 1 (^^JLc (--cj^oj 
<L>oljJI 3jlj^>JI jljjjIu r*J^ L£jl>^ ( Uj-ulo ) jlZLuc a I Justlu-ul (^jjjuuaJI £)-<^ I Jl! SjIj^>JI JuJlcj (^ic <>J-^ 

. Push - Pull c_jJu>JIj £3jdl ^Ifcm J-^su jrjiw 3jJl^ 

J-^d f*J-^ ^^-^P* ( A3 ( ^ ' '^ )p^-» J-JluIujJ ^j^L^ju £jJj^j-Ljuyj\j2 aJl^cIu-uj c_jJl>J!j *_3Ju! CJlj^-L^auC ^_j 
.Lka-a^ ^JJ-* < ^ it ^ ) (J^^ (J^ 3 ^ Jl^IjJI jjIL-uj^jIjIlJI <j) ^1 ^^pJLl JJwjJI i^jJL 2jJ-i ( J r^ i^jj^-i*m j jIu-uj*J I j>J 

c_jJl>J!j *_3jJl CJlj^-L^auC p j g LgaHJ ^Ll2j^Io Jl^jjj V 

Transformer Coupled Push-Pull Amplifier J^u k^Jj* u^j jiJ jjSU ^- Y- o 

) *_4^j>0 (^^lc J-^y A Z 7:jJk]| (Jjjscsj *^*J ^U-a2-^-^D A 1 Jiw jj| (Jj^s^a (J-* 3 ^ ^^P* ( ^~ ^ )J^—n m<JI 



. a '^> > 



• +VCC 



In put 




(V o)Jig=uiI! 



.^ £ 













Complementary push- pull . Amplifier 2uUHl u^lj jflJJI uljjSU Y- Y- o 






/7^_ 




& 

^ 






( W-o ) JIJJ! 



Cross- Over Distortion ( £tf**ll ) J#*Uf 4j$iiJ V - Y- o 

( M - )J^3Lui IL. U-^d ?rj^' *jLij ^- ^ tij c-xj <-uj cdij ^jLs ^jj^jI^jJIjILJI 

CjJl>o *_La_2j! I Jl&j CjL^j-II l^\ ts> )\ (j\j Cj^L>JI *_LaJiij \jJ^-> 4-jllju>* 3jLiJ Juu ^J £j.cu.U 77j*iJl SjLilj 
J-jjj?tI(Jl 4jM^-LuTtj 4jm^-lujJ1 I JlA ^-<^<-rju tiJu jJj j^VI jjIL-uj^jIjIl!! tcIlS CLaj3jj ^>£^J-^J^Lh^' ^^t (3^£- ^--^J C^S* 



vcc 




0J\l /_ J 

















■uj*j!j>j J ^=3 J cL cLJl 4J i^j ^ '^ jj« us (jfA* *1 J ■ J >«^ I (j J ^ J ^£9 uiui) I J^_& ^ Lc <_<_JLildJj 



J*^-^ I jl^j ( Trickle Bias ^j^ill jT ) Jn uJI jL^jVL jL^jVI I jl^ ^^ m <jl? ( 0.7v J(>^) 

• ^JJ^ ( h i^i\ (jjz *A-*& jh^=p) ^-^Lal jLj>ijI ^_ ^jj^3l-4-<-u jjIu-ujJIjJj J-^3 (j I (^1 AJ3 ( ( h n^>) 
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